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PREFACE. 



The object of this work is to supply the general student, 
and more especially the engineering student and work- 
man, with an introductory book on the subject of 
Machine Construction and Drawing. It is unnecessary 
for us to speak of the importance of a knowledge of the 
subjects included under* this title ; we shall, therefore, 
proceed to state the order and extent of the subjects to 
be treated of. 

Machine or Mechanical Drawing will form the chief 
part of our work ; in conjunction with this we shall con- 
sider the form and proportion of certain elementary parts 
of machinery. To consider the subject fully, it would be 
necessary to treat of subjects which are beyond the limits 
of the present work. 

A drawing being the representation of some object, in 
our case a machine or a part of one, it is expected that the 
student possesses an elementary knowledge of Practical, 
Plane, and Solid Geometry, since the drawing part of this 
book will consist of the application of the principles of 
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those subjects to the drawing of macliinery. We shall, 
therefore, assume that he has a knowledge of them ; and 
if he has not, we recommend him to study them simul- 
taneously with this work. 

The principal kind of projection used in mechanical 
drawing is that known as Orthographic or Orthogonal 
Projection ; we shall, therefore, confine ourselves to this 
kind, laying down such principles as we consider of the 
greatest importance to the beginner, and upon which the 
whole will be built up in a systematic manner. 

We have endeavoured to arrange the subjects so that 
they shall form progressive exercises in drawing, and 
progressive examples of construction. The student, in 
working out the examples, should draw the figures to a 
larger scale than those employed for the figures in the 
book, except where they are drawn full size. 

The making of working, finished, and detail drawings 
will also be considered ; these points and some of the 
various motions will be treated more fully in our Ad- 
vanced Book. 

E. T. 

January, 1873. 



CONTENTS. 



CHAPTER L 

FAOe 

Definition of a Drawing, . . • • • 9 

Drawing to Scale, .••.•• 9 
Standards of Measurement, . • • • 9 



CHAPTER n. 

Drawing Apparatns and its Use, . . • . 10 

The Kinds of lines used in Drawing, - • - 12 

The Notation Employed, ... - • 12 



CHAPTER UL 

Scales and their Construction, - • • -IS 

Last of Scales most frequently used, - - - 17 

Examples of Plain Scales, - - • • • 17 

Example of a Diagonal Scale, - - - -IS 



CHAPTER rV. 

The First Lines of a Drawing, •: • • . 18 

CHAPTER V. 

Definition of Projection, - - - - -20 

Definition of Plan and Elevation, - - - - 23 

Examples of Projection, . . - . - *2:^ 
Examples of the Terms Front and Side 'E\Leva.\.\OTi, - • *^ 



6 CONTENTS. 




CHAPTER VI. 




Tlie Application of the Principles of Projection to the 


PAGE 

> 


Drawing of Parts of Machinery, 


27 


Hexagonal Nuts, ----.. 


■ 27 


Table of the Sizes of Hexagonal Nuts, 


28 


Use of the Terms Plan and Elevation, 


29 


Bolts and Nuts, ----.. 


30 


Rivets and Riveted Joints, - - - - . 


31 


Shafting, Materials and Relative Strength of, 


32 


Keys of Various Forms, - - - - . 


34 


Shaft, with Fast and Loose Collars, 


34 


Bearings and their Forms, - - - - . 
Joumsds, ....... 


. 37 


. 37 


Bushes, ...... 


38 


Slides, - - - - • 


38 


Nuts, ---.•.. 


39 


Couplings, ---.--. 


39 


Hehcal or Screw Curve . . - . . 


41 


Screws, --.--., 


. 45 


V-threaded Screws, - . . . . 


46 


Table of Whitworth Standard Screws, 


48 


Square-threaded Screws, . - • . . 


48 


Definition of the Pitch of a Screw, - - - . 


61 


Table of Square-threaded Screws, - - - . 


62 


CHAPTER VU. 





On the Connecting Pieces between Shafts for the Direct 

Transmission of Motion by Wheels, - - - 55 

Spur Wheels, ----- . 65 

Bevel Wheels, ...... 59 

Mitre Bevel Wheels, .... -63 



.;cHAPTER vm 

On the Connection between Shafts by means of Pulleys 

and Bands for the Transmission ot Motion, - 
Pulleys and Bands, - - . . . 

Form and Material of Bands, ... 

Open and Crossed Belts, - - - . 

Reversing Motion by means of Pulleys loid Belts, 
Fast and Loose Pulley Arrangement, 
Cone or Speed Pulleys, . - - . 



63 
64 
64 
65 
66 
69 
69 



CONTENTS. 



CHAPTER IX. 

On the Teeth of Wheels, - 
Proportions of the Teeth, ... 
iExample of a Spur Wheel, ... 
Approxiniate Method of Drawing the Teeth, 
The Odontograph, .... 
Example of a lUck and Pinion in gear, 
Example of a Wheel and Pinion in gear, - 
Proportions of the Various Parts of Spur Wheels, 

CHAPTER X. 

On the Change of Rotary or Circular Motion into Recipro- 
catii^ Motion by means of the Crank, the Eccentric, 
and Cams, .... 

The Crank and Connecting-Rod, 

Example of a Wrought-iron Crank and Shaft, 

Exaznple of a Cast-iron Crank, 

The Eccentric, - - . . 

Example of Eccentric and Rod, - • 

Cams, - - - . . 

The Spiral and Heart-shaped Cams, 

Example of the Heart-shaped Cam, 

CHAPTER XI. 

■in a Drawing, - - - - 

The Use of Shade or Dark Lines, - 
Examples of Shade-lining, . • . 

CHAPTER XII. 

"Workhm and Finished Drawings, - 
Pedestal or Plummer-Block, 
Working Drawing of a Pedestal, 
Detail Working Drawing of a Pedestal, 
Proportions of the Parts of Pedestals, 
Proportions of the Steps of Pedestals, 
Finished Drawing of a Pedestal, 



PACK 

71 
71 
75 
75 
76 
81 
85 
8G 



86 

86 

89 

93 

94 

94 

102 

105 

105 



100 
110 
113 



118 
118 
118 
122 
122 
125 
125 



APPENDIX. 

Containing some of the Geometrical Constructions required 
in Mechanical Drawing for Connecting Circles and 
Arcs of Circles with Straight lines, . . - 



VI<5» 



8 



CONTENTS. 



LIST OF PLATES. 

PLAtb page 

I. Scales, Plain and Diagonal, - - - 15 

II. A Prism, Plans and Elevations of, - - 21 

in. Hexagonal Nuts, - - - - - 25 

rv. Shaft, Collar, and Bushes, - - - - 35 

V. Couplings, Butt and Half -Lap, - - - 40 

VI. Helical Curve, and V-threaded Screw, - - 43 

VII. Square-threaded Screw and Nut, - - - 49 

VIII. V and Square-threaded Screws, - - - 63 

IX. Pair of Spur Wheels in Outline, - - - 67 

X. Bevel Wheels, 68 

XI. Pair of Bevel Mitre Wheels in Outline, - - 61 

.Xn. Cone Pulleys, 67 

XIII. A Spur Wheel, showing the Teeth, - - 73 

XIV. The Odontograph, - - - - - 77 
XV. The Odontograph Set for Use, ... 79 

XVI. A Rack and Pinion in gear, - - - 83 

XVII. A Spur Wheel and Pinion in gear, - - 87 

XVni. The Crank, 91 

XIX. Intersections of Curved Surfaces, - - 95 

XX. The Eccentric, ----- 99 

XXI. Details of the Eccentric, - - - 103 

XXII. Intersections of Surfaces of Eccentric, - - 107 

XXin. Cams, Spiral and Heart-shaped, - - - 111 

XXrV. Pedestal or Plummer-Block, Working Drawing of, 115 

XXV. Pedestal or Plummer-Block, Detail Drawing of, - 119 

XXVL Pedestal or Plummer-Block, Finished Drawing of, 123 



MACHINE CONSTRUCTION 
AND DRAWING. 



CHAPTER L 

1. A DRAWING, as the representation of a macliine, to bo 
intelligible, should convey a correct idea of the size and 
proportion of the object represented, and, in most cases, 
of its several parts ; also the various motions which the 
movable parts are capable of producing. 

To make such a drawing of the same size as the 
machine, it is clear, in many cases, would be almost 
impossible; we therefore generaUy make our drawings to 
a reduced size, or, as it is termed, "^o Scale ;^^ that is, the 
drawing may be one-fourth of the size of the object, in 
which ca^ we say, the drawing is to a scale of one- 
fourth, or 3 inches = 1 foot. However, to make this 
point clear, the subject of scales will be treated more 
folly further on. 

2. In drawings of machinery, approximations to the 
true form of some portions are often employed, and im- 
fortunately too often by those unable to form a just 
approximation, owing to the want of a knowledge of 
those principles which are essential for the correct repre- 
sentalaon of objects, ^e therefore strongly advise all 
students to learn first how to draw correctly, so that they 
may be able to adopt approximations when necessary or 
advisable. 

8. The standard of measurement used in this country 
is the yboi, the one-third of the standard yard; this ia 
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divided into twelve equal parts, called inches; these are 
subdivided into 8, 16, 32, 64, &c., parts, and termed 
respectively eighths, sixteenths, thirty-seconds, sixty-fourths, 
&c., denoted by ^, ^, ^, ^, &c., each subdivision 
being one-half of the preceding. It is usual to denote 
the size of an object by so manyyee^, inches, eighths, &c., 
as the case may be; this will be considered in the articles 
on scales. 

In some engineering establishments the decimal rule is 
used, wherein the inch is taken as the standard, of which 
there are ten in each half of the rule, instead of twelve 
as in the two-foot rule; each inch in the decimal rule is 
divided into ten equal parts, these are again subdivided. 

The conmion twofoot being the most used, we shall 
take our dimensions by means of it. Fig. 1 represents 
a portion of this rule ; and fig. 2 the decimal rule. 
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CHAPTER n. 



4. We will now give the student a few hints on the 
use of the necessary instruments required for mechanical 
drawing, assuming that he possesses a drawing-board^ 
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a T-square, two set-squares, drawing-paper, a box 
of instruments, a scale, india-rubber, and pencils. 
One of the following sizes of board will be sufficient 
for present use, — 2 ft. 4 in. x 1ft. 
9in., or 2ft. xlft. 6in. The 
two set -squares should have 
angles 90°, 60°, and 30°, and 
90°, 45°, and 45°, respectively 
(see figs. 3 and 4). 

6. The drawing-paper for pre- Kg. 3. Fig. 4. 

sent use may be of a common kind, and fastened down 
by pins; convenient sizes of sheets are— -ffoyo^, 25 
in. X 20 in., Imperialy 30 in. x 21 in. (using half-sheets). 
When the nature of the drawing demands it, a better 
kind of paper should be used, the most common being 
DovMe Elephcmtf 40in. x 2 Gin.; the smooth is best 
suited for fine-lining and shading.* The box of instru- 
ments should contain at least — dividers, a set of large 
compasses with lengthening-bar, pen and pencil legs, 
small pen and pencil bows, a draw- 
ing-pen, and a protractor, also a few 
drawing-pins. 

6. The drawing pencils best 
for ordinary use are, H, HH for 
fine work, and HB for sketching. 
Tigs. 5 and 6 show how to cut the 
pencil for using with the squares and 
bow-pencil (this fiat chisel-point will 
last a considerable time compared 
with the round point). A small 
smooth file or sand-paper is useful to 
rub the pencil upon. Kg- 5. Fig. 6. 

As our drawings are to be inhedririt the pencil lines 
should be fine, and made with as little pressure as 
possible; all Hnes should be drawn sufficiently long at 
first, so as not to require produciag. 

* If the drawiQg is to be coloured or shaded, it should be 
strekJied and fixed with glue or gum and not 'm>^'^Vx^. 
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Kg. 7. 





Fig. 8. 



7. lines parallel to the long edges of the drawing-board 
tOiOTild be drawn with the T-square, as also lines at 

right angles to these, if longer than 
an edge of the set-square (see figs. 
7 and 8). 

Lines not parallel to the sides of 
the board are best drawn by using 
the set-squares (see ^g. 9), or T 
and set-squares ; and lines at right 
angles to the one already drawn 
(wLteyer may be the poiition of 
that line) by reversing the set- 
square; in fig. 10 a 5 is the line 
first drawn, cd a line at right 
angles to ab. 

Use the india-rubber as little as 
possible. 

8. The following distinguishing 
lines will be used in this book,— Un- 
broken lines represent the form of objects, as ab, be, &c., 

in ^g 15.; if these liues cannot be seen 
from the fixed position in which we 
view them, they are shown by dotted 

lines, thus, , as in figs. 15 and 

16; these dotted lines are of the same 
thickness as the other lines of the 
object. lines used to determine the 
form, or construction lines, are shown 

as dotted lines, , 

but not as thick as the former;* 
centre lines are shown thus, — . — . — ; 

radius lines are shown thus, < ^ 

dimension lines are shown thus,« ♦ 

Fig. 10. Shade or da/rk lines, will be introduced 
and explained at a later stage. 

The following notation will be used, one accent 

* For constmction lines the student may nse fine continnons 
lines instead of dotted lines in his pencil drawings. 




SCALES. 13 

over a number, as 2', denotes feet; two accents, as 6", 
inches; thus, l'..OJ" means one foot and a quarter of an 
inch. 



CHAPTER ni. 

9. Scales. — ^In ^g. 11 let a represent a line two inches 
long, h one an inch long, and c one half-an-inch long; then 
if 6 represents a drawing of the line a, the scale would be J, 
or 6" = 1 foot; if c represents a, then the scale would bo 
^, or 3" = 1 foot, and so on. 



■* a. (13 



I. ^ 



>. (S) 



Kg. 11 

10. When the scale is denoted by a fraction whose numer- 
ator is unity, as J, the denominator (in this instance 4) 
denotes how many times larger the object is than the 
drawing, the term larger to be used in the sense conveyed 
in the previous and following articles. 

If the fraction is of the form f , the numerator being 
greater than imity, then we may consider the numer- 
ator as expressing how many units of length (feet, 
inches, &c.) there are in each line of the drawing, 
the denominator denoting the number of units in the 
object; for example, — a, circle of 3" diameter if drawn 
to a scale of f would be represented by acii'cle of 2" 
diameter. 

Jl. The reduction in the size of plane objects, when 
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drawn to scale, is to be made in all directions, thus the 
square, fig. 12, is of one inch side, a drawing of it 
to a scale of i would be a square of Y ^^®> ^ %• 1^ i 
one to a scale of ^ would be a square of ^" side, as 
fig. 14. 



Fig. 12. Fig. 13. Fig. 14. 

In the case of solid bodies, which is the most general 
one, the reduction in the size of the object, as represented 
in the drawing, is to be made in every direction, — ^for 
example, a cube of V edge, ^g, 15, is required to be 





Fig. 16. 



Fig. 16. 



drawn to a scale of ^, then every, line in the drawing 
must be made one-half the length of the correspond- 
ing line of the object. Fig. 16 is a drawing of 
the cube to a scale of i, the lines a'b\ 6'c', b'd\ &a, 
being respectively one-hau the length of ab, be, bd, &o., 
in fig. 15. 
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SCALES. 17 

12. The scales most frequently used are : — 

i, or 6" = 1 foot. ^, or 1" = 1 foot. i\, or J" = 1 foot 

J, or 3" =1 foot. iV, or f" = 1 foot. it* or ^V'= 1 foot. 

h or 2" =1 foot. Vt. or i" = 1 foot. ^, or J" = 1 foot. 

J, or 1J"= 1 foot. 3V» or i" = 1 foot. 

Fig. 17, Plate I., is an ordinary plain scale of J, or 
3" = 1 foot, showing feet, inches, and quarters of an inch. 
The left-hand six inches show eighths of an inch. 

Fig. 18 is a scale of y^, or 1" = 1 foot, showing feet, 
inches, and half-inches. Another kind of scale used is 
the diagonal scale, 'Fig, 19 shows such a scale of ^, or 
1 J" = 1 foot, showing feet, inches, and sixteenths of an 
inch. This is a good form of scale, and we can obtain a 
greater number of divisions of any given distance by 
means of it, than by the more common plain scale. It 
need hardly be remarked that accuracy of construction is 
absolutely necessary, which remark also applies to all 
scales. The construction of the diagonal scale, fig. 19, is 
as follows : — Draw a line, using the T-square, and set off 
along it distances of 1^*^, these will represent feet; or 
mark off 6" or 12", and by repeated bisections obtain the 
required distance; at the left-hand extremity of this 
line erect a perpendicidar, and along it step sixteen 
equal distances of any convenient length; through each 
division draw lines psu^allel to that £ixst drawn ; divide 
the left-hand foot into twelve equal parts, the scale now 
shows feet and inches; number the scale as shown; draw 
a line from No. 11 on the bottom line to No. 16 on the 
perpendicular line, and from each inch in the bottom line 
draw Knes parallel to 11 — 16 ; from each division, 1, 2, 3, 
&c., on the right of 06 erect perpendiculars ; the scale is 
now complete. The distance — 1 = 1" ; between — b 
there are sixteen lines (counting the top one); the 
diagonal of the rectangle Olab cuts these lines and 
divides them, so that their lengths increase by ^ of 
— 1 (one inch); the lengths of the lines between the 
diagonal Oa and the perpendicular 05 are marked on the 
perpendicular line at 12, counting from the bottom. 
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The distance between the two dots on the horizontal 
line marked 8 is ^" or y ; between those on line 5, 
1'..0^"; on line 13, 2'..7^". These examples wiU be suffi- 
cient to explain the use of the diagonal scale. By the 
ovdJuBxy plain scale it would have been impossible to obtain 
the small division we have in the present case, which is the 

ij-l-g- of \y (y2- X TS*~TF2^)> *^^* ^f *^® small distance on 
the horizontal line 1 between Oa, 06, = y^ of — 12.* 
Pig. 20 is a diagonal scale of ^2", showing feet, inches, 
and tenths of an inch. The distance between the dots 
on line 9 is -^' or -9"; on line 7, 3^" or 3-7'' ; on line 3, 
^-^Tu" ^^ l'..8*3". It is sometimes necessary to make 
drawings larger than the object, for the purpose of showing 
more distinctly small intricate motions, &c. We may have 
drawings f (li times), 2, 3, <fec., the size of the object. 
In malang scales for such drawings the student will find 
no difficulty, from what has been said on the subject ol 
scales. 



CHAPTER IV. 

13. We now pass on to consider \h.Q first lines to be made 
in a drawing, whether from a copy, a sketch of a machine, 
or from the rough sketch of a proposed machine. 

First, as to the representation of surfaces. In all 
cases where a plane figure is symmetrical with respect to 
a given line, whether the line exists in the figure, or may 

be considered, for convenience, as 
existing in* it, that line must be 
drawn first. For example, the 
circle in ^g. 21 is symmetrical with 
respect to the lines ah, cd, these 
lines are to be drawn first, and 
the point of intersection, o, to 
be taken for the centre of the 
Pig. 21. circle. 

♦ The distwpe — 12 represents ^ foot, but is really only 1 J" long. 
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In Fig. 22 draw the lines cih^ cd, ef before putting in 
the lines of the object. 



a 





Fig. 22. 

Secondly, with respect to solids; — ^a machine or piece 
of one. The drawing of any solid object being the pro- 
jection of that object on a plane, or planes, the same 
statement as made for surfiarces applies also for solids. 




Fig. 23. 



Fig. 24. 



Eigs.-23 and 24 are two views of a cylindrical piece of 
iron, the line a5 is symmetrical with respect to both 
figures, and is to be drawn first. Other cases will be 
noticed as we proceed. 

These first Hues or centre lines should be very fine and 
distinct; * they are not retained in the drawing when 
inked-in in the case of finished drawings (line, coloured, 
or shaded); but for working d/ra/mngs they are, and it is 
usual to ink them in with red or blue colour, as they are 
most important lines in such drawings. 

* In the examples we shall use a dotted line thus, — • — • — , 
instead of a fine Une, for the sake of distinction and convenience. 
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CHAPTER Y. 

14. A DRAWING of any solid object is the projection of 
that object on one or more planes, giving one or more 
views of it. We will state what a projection is, and 
what are the names given to the different views. In 
fig. 25 ABCD is the horizontal plane (your drawing- 




Fig. 25. 

board, for instance); CDEF the vertical plane; let a line 
(d> be held perpendicular to the plane ABCD (and there- 
fore parallel to the plane CDEF) at a distance he above 
it and in front of the plane CDEF. If now the line ah 
is produced to meet the plane ABCD in c, the point c is 
the projection of the line ab; * from a, 6, draw lines per- 
pendicular to the plane CDEF, meeting it in a\ b\ then 
a', V are projections of a, h; and if a, V be joined, the 
line alV is a projection of a5. c is called a ^^plan,^* and 
aV an ''elevation" of the line ab. The two planes 
ABCD, CDEF, which are considered to be at right 
angles in ^g, 25, are really one (the plane CDEF being 
turned down through a right angle), and are represented 
by the drawing-paper; the line CD in which the planes 
intersect is the ''grownd line" in our drawings, the line 
which divides the plan from the elevation. 

♦ The point c would be germed a 'Hrace" in practical solid 
geometry. 
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A line perpendicular to the vertical plane, and above 
the horizontal plane, is shown by c^V, de is the plan of 
the line. In figs. 26, 27, the planes are shown by two 
views, ^g, 27 being a front-elevation, and ^g. 26 an end- 
elevation; the lines ab, de are similarly situated to those 
in ^g. 25. aV is an elevation of ab, d'e an elevation 
of de. The pUm of ad is a point; the elevoMon of de is 
also a point. 
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Kg. 26. 



Fig. 27. 



16. To explain the several terms employed for difierent 
views of an object, and to show how these views are ob- 
tained, we shall use the object shown in figs. 28 to 31, 
Plate n. The student is requested to pay particular 
attention to this part of our subject, and thoroughly to 
understand it before proceeding to the application of the 
principles here laid down. 

The figure is a prism, whose base is a square upon 
which it rests, on the horizontal plane (ground); on three 
faces are placed small prisms differing in length and 
height, producing an object not symmetrical, as better 
suited for our purpose. Fig. 28 is a plan, that is, a projec- 
tion on a horizontal plane. Fig. 29 is an elevation, that is, 
a projection on a vertical plane situated at AB; the 
plane is then turned through a right angle, along 
the line AB (ground line) as an axis, giving the eleva- 
tion in the position indicated by fig. 29; the arrow 
shows the direction of projection, the observer being 
situated ^t E. If now we -wish to Tfisfvp ^ vie v of ^k^ 
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object as seen from F, erect a vertical plane at AD, and 
project an elevation on this plane; now turn the plane 
into the position AD', and we have the elevation shown 
by £g. 30. Fig. 31 is an elevation projected on tho 
plane BC, the observer being at G. 

Figs. 30 and 31 may be projected similarly to ^g. 29, 
as shown in figs. 32, 33, 34. Fig. 34 is a projection on 
the vertical plane AD, which is turned into a horizontal 
position, giving the elevation as shown. The same ele- 
vation is obtained in figs. 30 and 34, the only difierence 
being one of position; both methods are employed, con- 
venience generally deciding which is to be adopted ; the 
former, however, is the one chiefly employed. The 
circular dotted lines shown in the figures need not be 
put in your drawings after becoming familiar with the 
principles laid down. 

16. The elevations obtained in figs. 30, 31, are the 
flame, both in form and position, as would be obtained if 
we were supposed to be looking at fig. 29 in the direc- 
tions H and K respectively, and saw it projected on the 
vertical planes at AD", BC". From these remarks the 
student will understand that the position of the object 
is between himself amd its projection ; and when one eleva- 
tion is projected from another, as ^g, 30 from ^g. 29, 
the given elevation and the projection are in the same 
order as before, calling the given elevation the object ; 
for example, if the observer is at H, fig. 29, looking 
towards the figure, and wishes to draw the elevation as 
seen by him in that position, the elevation must be 
placed in the position occupied by ^g. 30 ; similarly an 
elevation in the direction K would be placed as ^g, 31. 

In practice it is sometimes inconvenient, owing to 
the size of one of the elevations, to follow out this order 
correctly; in such cases figs. 30 and 31 change places; this 
should, however, be considered only as an exception. 
The student is recommended to follow out strictly the 
order indicated, as it will save him much time and trouble, 
and make the study of projection more natural to him^ 
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In Fig. 22 draw the lines 06, cd, ef before putting in 
the lines of the object. 



a 





Fig. 22. 

Secondly, with respect to solids; — a, machine or piece 
of one. The drawing of any solid object being the pro- 
jection of that object on a plane or planes, the same 
statement as made for surfaces applies also for solids. 




3, 



Kg. 23. 



Kg. 24. 



Figs, 23 and 24 are two views of a cylindrical piece of 
iron, the line 06 is symmetrical mth respect to both 
figures, and is to be drawn first. Other cases will be 
noticed a^ we proceed. 

These first lines or centre lines should be very fine and 
distinct; * they are not retained ip. the drawing when 
inked-in in the case of finished drawings (line, coloured, 
or shaded); but for working drawings tiiey are, and it is 
usual to ink them in with red or blue colour, as they are 
most important lines in such drawings. 

* In the examples we shall use a dotted line thus, — • — • — , 
instead of a fine liiie, for the sake of distinction and convenience. 
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CHAPTER V. 

14. A DRAWING of any solid object is the projection of 
that object on one or more planes, giving one or more 
views of it. We will state what a projection is, and 
what are the names given to the different views. In 
fig. 25 ABCD is the horizontal plane (your drawing- 




Fig. 25. 

board, for instance) ; CDEF the vertical plane; let a line 
ah be held perpendicular to the plane ABCD (and thet-e- 
fore parallel to the plane CDEF) at a distance he above 
it and in front of the plane CDEF. If now the line ah 
is produced to meet the plane ABCD in c, the point c is 
the projection of the line ab\ * from a, 5, draw lines per- 
pendicular to the plane CDEF, meeting it in a', 5', then 
a', V are projections of a, h; and if a,V be joined, the 
line a'6' is a projection of a5. c is called a ^^pkm" and 
a'V an "elevation" of the line ah. The two planes 
ABCD, CDEF, which are considered to be at right 
angles in ^g, 26, are really one (the plane CDEF being 
turned down through a right angle), and are represented 
by the drawing-paper; the Jine CD in which the planes 
intersect is the "ground line" in our drawings, the line 
which divides the plan from the elevation. 

* The point c would be termed » 'Hrace*^ in practical solid 
geometry. 
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A line perpendicular to the vertical plane, and above 
the horizontal plane, is shown by c?'e', de is the plan of 
the line. In figs. 26, 27, the planes are shown by two 
views, ^g. 27 being a front-elevation, and ^g. 26 an end- 
elevation; the lines a6, de are similarly situated to those 
in fig. 26. a'6' is an elevation of ab, d'e' an elevation 
of de. The pkm of a6 is a pointy the elevation of de is 
also a point. 
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Pig. 27. 



15. To explain the several terms employed for difierent 
views of an object, and to show how these views are ob- 
tained, we shaU use the object shown in figs. 28 to 31, 
Plate IL The student is requested to pay particular 
attention to this part of our subject, and thoroughly to 
understand it before proceeding to the application of the 
priadples here laid down. 

The figure is a prism, whose base is a square upon 
wMbh it rests, on the horizontal plane (ground); on three 
&ces are placed small prisms differing in length and 
height, producing an object not symmetrical, as better 
suited for our purpose. "Fig, 28 is a plan, that is, a projec- 
tion on a horizontal plane. Fig. 29 is an elevation, ^at is, 
a projection on a vertical plane situated at AB; the 
plane is then turned through a right angle, along 
the line AB (ground line) as an axis, giving the eleva- 
tion iu the position iudicated by Ag. 29; the arrow 
shows the direction of projection, the observer being 
situated at K If now we wish to have a view of the 
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object as seen from F, erect a vertical plane at AD, and 
project an elevation on this plane; now turn the plane 
into the position AD', and we have the elevation shown 
by ^g. 30. Fig. 31 is an elevation projected on tho 
plane BC, the observer being at G. 

Figs. 30 and 31 may be projected similarly to fig. 29, 
as shown in figs. 32, 33, 34. Fig. 34 is a projection on 
the vertical plane AD, which is turned into a horizontal 
position, giving the elevation as shown. The same ele- 
vation is obtained in figs. 30 and 34, the only difference 
being one of position; both methods are employed, con- 
venience generally deciding which is to be adopted ; the 
former, however, is the one chiefly employed. The 
circular dotted lines shown in the figures need not be 
put in your drawings after becoming familiar with the 
principles laid down. 

16. The elevations obtained in figs. 30, 31, are the 
same, both in form and position, as would be obtained if 
we were supposed to be looking at fig. 29 in the direc- 
tions H and K respectively, and saw it projected on the 
vertical planes at AD", BC". From these remarks the 
student will imderstand that the position of the object 
is between himself cmd its pr^ection ; and when one eleva- 
tion is projected from another, as fig. 30 from ^g, 29, 
the given elevation and the projection are in the same 
order as before, calling the given elevation the object ; 
for example, if the observer is at H, fig. 29, looking 
towards the figure, and wishes to draw the elevation as 
seen by him in that position, the elevation must be 
placed in the position occupied by fig. 30 ; similarly an 
elevation in the direction K would be placed as fig. 31. 

In practice it is sometimes inconvenient, owing to 
the size of one of the elevations, to follow out this order 
correctly; in such cases figs. 30 and 31 change places; this 
should, however, be considered only as an exception. 
The student is recommended to follow out sifrictly the 
order indicated, as it wiU save him much time and trouble, 
and make the study of projection more natural to ImUi 
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and will, at the same time, remove one source of error 
w^hich lie is liable to fall into. 

Fig. 28 is a plan; fig. 29 a front-elevation; figs. 30 

and 31 end or side-elevations. The term **view" is often 

used instead of *^ elevation" 



CHAPTER VL 

The examples in this chapter may be used as drawing 
exercises, the figures to be <&awn full or half size. 

17. We will now apply the foregoing principles to the 
lepresentation of various pieces of machinery, &c. 

Nuts. — ^Figs. 35 to 37, Plate III., ai*e elevations and 
plan of an ordinary hexagonal nut for a bolt 1" 
diameter, as represented in scale-drawings; the eleva- 
tions are not quite correct, but are good approxima- 
tions. Pig. 35 is the plan; ^g, 36 the front-elevation; 
fig. 37 an end-elevation. The construction lines clearly 
indicate how each view is obtained. In figs. 36 and 
37 the curves a'b[ are considered as arcs of circles; 
their true form will be considered in the following 
figures. The greatest and least diameters of the nut are 
taken from a table of Whitworth Standards, a copy of 
which, with a few additions, is here given (see Table I.). 
The thickness of the nut (t) is equal to the diameter 
of the bolt. We shall not give dimensions of nuts in 
the details to follow, but refer the student to the table 
given. For ordinary scale drawings, sufficient accuracy 
will be obtained in drawing nuts if we take the following 
as a rule for nuts for bolts under 1 J" diameter, viz., make 
the diameter across the angles = two diameters of the bolt. 
In figs. 38-41 we show the nut given in the preceding 
figures drawn fall size; in this example the nut is turned 
on the top face and chamfered; there are two conmion 
ways of chamfering, that forming a conical outline, and 
the one shown, which has a spherical outline, the radius 
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of the sphere equalling r in figs. 38, 39, 41. By a spheri- 
cal outline we mean that the chamfered surfaces a'e', Vfy 
&c., would touch the inner surface of a hoUow sphere of 
radius r. All sections of the sphere being circles, that 
made by the vertical plane v^Sj, containing the face ah'cd\ 
will be a circle of radius r and = \ the greatest diameter 
of the nut ; the curve h'a is part of this circle. The six 
faces are all equal, it therefore follows that the curves 
ah\ Vol are also equal; but as those marked dV are inclined 
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to the vertical plane (at 60° in 

figs. 40, 41), their projectiona, a 

be portions of circles, but of ellipses;* their constructioa is 

shown in dotted lines. Arcs of circles may be substituted 

for the portions of ellipses a'b', the error being smalL 

18. Figs. 42, 43,repi'esent the nut clrciunscribed by a 
hemisphere of radius r I 
in former figures; in the 
plan, fig. 42, are shown 
two section planes v^a,, 
PjJi, each containing a 
fece of the nut, as v, «, 
in fig. 38. On the left ~ 
of the centre line in 
fig. 43 is shown one- 
half of the face con- 
tained in the plane v,s,, 
together with the por- 
tion of the sphere cut 
oET by the same plane. 
On the right of the 
same figure the face 
contained in the plane 
jj,s, is shown; the re- 
maining portion of the 
sphere cut by the plane 
is distinguished by sec- ^" 

tion lines,! as in the left-hand portion of the figure; 
the construction lines will explain how to draw fig. 43. 

19. The terms plan and elevation, as employed for figs. 
35-43, and for aU details or parts of machlneiy, are only 
intended to apply in the cases represented; where we 
consider the object as a whole; for instance, in a machine 
we may have nuts in various positions, plans, and eleva- 

• The projection ot a circle upon a plane, making on angle 
with the plane of the circle, is an ellipse. 

t We shall distiuguisli the cut surfaces or sections of objecbg 
■ by diagonal lines, as in fig. 43. 
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tions, in the same elevation of the machine; in that case 
we speak of the plan or elevation of the machine as a 
whole, and not with respect to its individual parts. 
Therefore, when we speak of the plan or elevation of a 
piece of a machine, we do not assert that that plan or ele- 
vation is always a plan or elevation; for what we term 
a plan in one case, may be an elevation in another. 




Kg. 46. 



Fig. 44. 

20. Bolts. — Figs. 44, 45, and 46 are three views of an 
ordinary IJ" bolt with hexagonal head and nut drawn 
to a scale of J. Fig. 44 is a plan; fig. 45 a front-eleva- 
tion; and ^g, 46 an end-elevation, showing the screwed 
end of the bolt and the nut. The screwed part ab is not 
correctly represented in the figures, but is shown as is 
usual in small scale drawings; we shall consider the true 
form under the title of screws. The thickness of the 
head T = f of the diameter D of the bolt. Bolts are used 
for the purpose of connecting two or more pieces of 
material, and are made of various forms. Figs. 47, 48 
illtistrate a common form, the head a is square, the 
portion 6 next to the head is also square, and fits into 
a square hole, which prevents its turning round while 
the nut is being screwed on; the diagonal lines on a 



id 6 are used to denote its form (usually only ahown 
I working drawings) whea an end-view is not ahown. 
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Kg. 47. Kg. 48. 

a section. The fignres are drawn to a 




Fig 49 Fig. 60. Fig. 61. 

21. Figa. 49, 50, 61 represent another mode of connecting 
two pieces by a. bolt. In this example the piece a can 
receire a small cbange of position in direction ad; the 
bolt is prevented from turning by the pin or kei/ c; e is a 
toasker. Fig. 49 is a sectional eleva,tion made by a plane 
passing through the centre line of fig. 50. We do not 
Bbow the bolt in section, as its shape is shown more clearly 
by not doing so; this is the usual form adopted. Fig. 60 
is an end-elevation; fig. 51 an end-elevation with the 
bolt in section, showing form of hole in ct and pia c. 
Such a section is sometimes termed a cross- section, and 
fig. 49 a longitvdinai-section. 

SIS. BivetB. — Another method of connecting two pieces 
IB givonin figs. 52,63, illustrating Btsinfflerivetedlap^oint, 
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as used for boilers, &c. Rivets are used where the pieces 
are not required to be separated, and where the nature of 
the material will permit of the process of riveting. We 
may say, speaking generally, rivets are used to form a 
permanent connection, and bolts a temporary one. There 
are also other considerations besides these which deter- 
mine the method to be adopted. The Iwp is the distance 
a, the 'pUch p is the distance of the rivets apart from centre 
to centra Fig. 52 is a front elevation ; on the right of 
the line be, the rivets are shown in section. Fig. 63 is 
a cross- section through be in fig. 52. 

Figs. 54, 55, show two views of the rivets used in the 

i 




Fig. 64. Fig. 55. 

example given in figs. 52, 53, before they are heated and 
fixed in position ; allowance is made in the length I for 
the head d, &g, 53. 

23. Shafting^. — Shafts are used for the purpose of trans- 
mitting motion ; they are provided with wheels, pulleys 
or drums, cams, &c., according to the kind of motion 
required, and are generally made of a circular cross- 
section, in some cases the section is square or of other 
form. The material chiefly used is loroiight-iron ; cast- 
iron and also steel are, however, in some cases employed. 
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Fig. 58. 



Fig. 60. I 
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Fig. 59. 




Fig. 61. 



Fig. 62. 



Scale i. 
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Tho relative strength of shafte varies as the cube of their 
diameters ; that is to say, if a shaft of 2 inches diameter 
is strong enough to transmit four horse-power, then one 
four inches in diameter, under the same conditions, would 
transmit thirty-two horse-power.* 

SJ4. The wheels, pulleys, &c., are firmly connected to the 
shafts by means of keys, which are pieces of metal, 
generally steel, of a square or rectangular cross -section, 
and slightly taper in direction de^ fig. 56, to admit of 
being driven home tight ; they should fit easily on the 
sides of the key-bed or key-way. In some cases the key 
is required to slide along the groove in the shaft with the 
wheel, the key being fixed to the wheel. Figs. 58, 59, 
illustrate one method of doing this, the key being dove- 
tailed into the boss a of the wheel. In the example 
shown in figs. 56, 57, the key has a head f to allow of 
its being droAJtm. Tig. 56 is a sectional elevation, with 
part of the shafb in section, so as to show the key in 
full. Fig. 57 is an end-view. 

Figs. 58, 59, are similar views of the dovetailed key 
arrangement ; fig. 58, a sectional elevation, ^g, 59 an 
end-view. The boss of the wheel is marked a, the shaft 
&, and the key c. Scale \ for both examples. 

25. Another form of sliding key is shown in figs. 60, 
61, 62; the key has a head which fits into a circular hole 
in the boss of the wheel. Fig. 62 is a plan of the key. 

26. Fig. 63 is a front-elevation, and fig. 64 an end- 
elevation, of an ordinary shaft; if the length is such 
that it cannot be shown in full according to scale, it is 
broken offy\ as at ah, and the length is marked in figures, 
as shown. Projecting cylindrical pieces cc, termed 

*K rf=dia.of the first shaft (2 in.), ^= horse-power transmitted, 
d'=. dia. of the second shaft (4 in. ), h' = horse-power transmitted; 

Then h : h' :: d» : d'* 
4 : A' :: 8 : 64 
A' = 32 

+ This is the nsnal way of representing parts of machinery, 
which, for the reason stated, cannot be drawn in fulL 
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eoUa/rSy are wMed to the shaft, their object is to prevent 
the shaft from leaving the hearings in direction of its 
length. The portion between the collars is called the 
neck, and is supported in an accurately fitting surface 
termed a bearing. The length of the neck is generally 
made 1^ times the diameter of the shaft, for shafts imder 
6 inches diameter; some makers allow as much as two 
diameters, and in special cases even more than this. 

27. In cases where the fixed collars would prevent the 
filing of wheels, pulleys, &c., a loose coUa/r d is used. The 
loose collar is shown in figs. 65 and 66. Fig. 66 is partly 
in section showing the screw^) which fixes the collar to 
the shaft. Eigs. 63, 64, are drawn to a scale of \, Figs. 
65, 66, to a scale of \. 

28. Bearing8.-^By the term bearings is to-be imder- 
stood the swrfacea of contact between tiie shaft, or other 
moving piece, and its support ; the form of the bearings 
depends upon the kind of motion given to the moving 
piece. The motion of shafting is generally one of rotation,* 
the bearings are therefore surfaces of revolution, as circular 
cylinders, cones, <fec. In figs. 63, 64, the bearings are 
cylindricaL 

If the motion of the shaft or other moving piece is one 
of straight translation (motion in a straight. line), as, for 
example, the piston-rod and the slide-block of a steam 
engine, the bearings have a circular, square, triangular, 
or other straight-lined cross -section, and are perfectly 
straight in the direction of motion. 

A kind of motion made up of the two former is termed 
helical or screw motion, the bearings of which must have 
helical surfaces. 

The supporting pieces for the three kinds of motion 
named are, for rotating pieces, journals, hushes, and 
pivots; for straight translation, slides; and for screws, 
nuts. 

29. Journals are sometimes formed in the frame of the 

* The term nM^ is employed to denote the act of turning 
about an axis. 
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macliiiie, and generally consist of movable pieces, termed 
steps J made of brass or other alloy. In cases where it is 
inconvenient or impracticable to adopt this form, pedestals 
or plv/mmer-hlochs are employed, to which the steps are 
attached, as illustrated in the drawings of a pedestal, 
Plate XXIV., figs. 177 to 179. 

50. Bushes usually consist of a hollow cylinder of 
metal, cast-iron, steel, or brass, in which the shaft rotates; 
they are generally fixed in the frame of the machine. 
Two common forms of bushes are shown in figs. 67, 68, 
69, the drawing of which should present no difficulty to 
the student. In figs. 67, 68, the bush consists of a plain 
hollow cylinder 5, fitting accurately the hole in the f^Eune, 
and fixed to the latter by means of a screw 8\ aiB the 
shaft, cc the frame. Half the elevation in fig. 68 is in 
section. The bush shown in fig. 69, half of which is 
in section, has a collar d on one end, with a screw or 
screws passing through it, and fixing the bush to the 
frame; the same letters of reference are used for this 
example as for the former. Where the wear is consider- 
able it is not advisable to use bushes, imless they can be 
turned round a little, as they wear, or be replaced readily, 
as they soon get out of truth ; the common plan is to 
use movable steps, which admit of adjustment to com- 
pensate for wear. See drawing of pedestal, Plate XXIV., 
figs. 177 to 179. 

51. Slides. — ^In figs. 70, 71, is represented a common 
form of slide ; a is &e fixed surface or hed^ h the sliding 
piece, is a s^rip, a piece of metal fixed to the sliding 
piece by the screws c?, which is acted upon with screws 
e, so as to compensate for wear of the surfaces. Slides 
are of very common use ; among others we may mention 
the slide-bars of steam-engines, the sUde-rests of lathes, 
the cross-slides of planing machines, <fec. Fig. 70 is an 
elevation showing part of the sliding piece and bed ; the 
latter is in section, as also is the portion of the former, 
which shows the strip and screws. Fig. 71 is a plan. 
The figures are drawn to a scale of \. 
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33. NutB. — On Plate YII. is sbowu the bearing Bur- 
&ceofascrev; fig. 87 is an elevation of the screw; fig. 89 
a sectional elevation of tihe bearing or nut, taken through 
the line 3F in fig. 88 j fig. 90 shows a section of the 
screw and nut in contact. The drawing of the screw and 
nut will be explained later on. 




Kg. 71. 

8S. OonpIlngB.— Shafting is lunially made in lengths, 
whose length vaiiea acoordjng to circumstances, for con- 
venience in erecting and mounting, and to allow of discon- 
necting portions of it. These lengths are connected by 
couplings. We may divide couplings into two classes ; 
first, those used for shafts, which require disconnecting 
only at long intervals; and, secondly, where they are being 
disconnected constantly. 

The box butt, box hal/-lap, and /aee^late are the chief 
kinds used in the first class. In the second class thero is 
a great variety, including dutches with from two teeth 
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collars, are welded to the shaft, their object is to prevent 
the shaft £rom leaving the hearings in direction of its 
length. The portion between the collars is called the 
neck, and is supported in an accurately fitting surface 
termed a hearing. The length of the neck is generally 
made 1^ times the diameter of the shaft, for shalbs under 
6 inches diameter; some makers allow as much as two 
diameters, and in special cases even more than this. 

27. In cases where the fixed collars would prevent the 
fixing of wheels, pulleys, &c., a loose collar d is used. The 
loose collar is shown in figs. 65 and 66. Fig. 66 is partly 
in section showing the acrew/, which fixes the collar to 
the shaft. Figs. 63, 64, are drawn to a scale of ^. Figs. 
65, 66, to a scale of \. 

28. Bearings. — Bj the term bearings is to be under- 
stood the surfaces of contact between the shaft, or other 
moving piece, and its support; the form of the bearings 
depends upon the kind of motion given to the moving 
piece. The motion of shafting is generally one of rotation,* 
the bearings are therefore surfaces of revolution, as circular 
cylinders, cones, &c In figs. 63, 64, the bearings are 
cylindricaL 

If the motion of the shaft or other moving piece is one 
of straight translation (motion in a straight line), as, for 
example, the piston-rod and the slide-block of a steam 
engine, the bearings have a circular, square, triangular, 
or other straight-lined cross -section, and are peHectly 
straight in the direction of motion. 

A kind of motion made up of the two former is termed 
heUccU or screw motion, the bearings of which must have 
helical surfaces. 

The supporting pieces for the three kinds of motion 
named are, for rotating pieces, journals, hushes, and 
pivots; for straight translation, slides; and for screws, 
wuts. 

29. Journals are sometimes formed in the frame of the 

* The term rotation !« employed to de»ote tl^e ^t ol turning 
about an axis. 
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machine, and generally consist of movable pieces, termed 
steps, made of brass or other alloy. In cases where it is 
inconvenient or impracticable to adopt this form, pedestals 
or plwrmneT-hlocks are employed, to which the steps are 
attached, as illustrated in the drawings of a pedestal, 
Plate XXIV., figs. 177 to 179. 

80. Bushes usually consist of a hollow cylinder of. 
metal, cast-iron, steel, or brass, in which the shaft rotates; 
they are generally fixed in the frame of the machine. 
Two common forms of bushes are shown in figs. 67, 68, 
69, the drawing of which should present no difficulty to 
the student. In figs. 67, 68, the bush consists of a plain 
hollow cylinder 6, fitting accurately the hole in the fnune, 
and fixed to the latter by means of a screw « ; a is the 
shaft, cc the frume. Half the elevation in fig. 68 is in 
section. The bush shown in fig. 69, half of which is 
in section, has a collar d on one end, with a screw or 
screws passing through it, and fixing the bush to the 
frame; the same letters of reference are used for this 
example as for the former. Where the wear is consider- 
able it is not advisable to use bushes, unless they can be 
turned round a little, as they wear, or be replaced readily, 
as they soon get out of truth ; the common plan is to 
use movable steps, which admit of adjustment to com- 
pensate for wear. See drawing of pedestal, Plate XXIV., 
figs. 177 to 179. 

81. Slides. — ^In figs. 70, 71, is represented a common 
form of slide ; a is the fixed surface or bed, h the sliding 
piece, c is a strip, a piece of metal fixed to the sliding 
piece by the screws d, which is acted upon with screws 
e, so as to compensate for wear of the surfaces. Slides 
are of very common use ; among others we may mention 
the slide-iwrs of steam-engines, the slide-rests of lathes, 
the cross-slides of planing machines, <fec. Fig. 70 is an 
elevation showing part of the sliding piece and bed ; the 
latter is in section, as also is the portion of the former, 
which shows the strip and screws. Fig. 71 is a plan. 
The figures are drawn to 9, scale of \, 



32. NntB. — On Plate VIL is shown the bearing shi-- 
foee of a screw; fig. 87 is an elevation of tho screw; fig. 89 
a sectional elevation of the bearing or nut, taken throngh 
the line SF in fig. 88; fig. 90 shows a section of tlie 
Bcrew and nut in contact. The drawing of the BCi-ew and 
nut will be explained later on. 
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33. Oonpling^ — Shafting is usually made in lengths, 
'vhose length varies accorduig to circumstances, for con- 
venience in erecting and mounting, and to allow of discon- 
necting portions of it. These lengths are connected hy 
couplings. We may divide couplings into two classes ; 
first, those used for shafts, which require disconnecting 
only at long intervals; and, secondly, where they are being 
disconnected constantly. 

The box btiit, box fittlf-lap, and /ace-plate are Hhe chief 
kinds used in the first class. In the second class there is 
a great variety, including chitehes with from two teeth 
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upwards, friction cones, <kc. Plate V, shows two forms of 
the first class, viz., the butt and the half-lap box couplings. 

Pigs. 72, 73, 74, are views of the butt box coupling; 
fig. 74 is a plan ; fig. 73 an elevation, showing in section 
the box and portion of the shaft ends, a and h ; fig. 72 is 
an end-elevation. The two shafts are swelled out at the 
ends so as not to reduce the strength of the shaft by the 
key-ways, and also that the box may pass over any 
collars that may be on the shaft. The ends of the shaf^ 
and the box are firmly connected by the key d. It is 
usual to place couplings near to the bearings, as shown in 
the figures ; the bearing is on the shaft a, and is marked 
e;'cia the box. 

34. The half-lap coupling is represented in figs. 75, 76, 
77, which are respectively end-elevation, front-elevation, 
and plan. The front-elevation is in section, showing the 
half-lap of the shafts and the connecting key. This 
coupling was introduced by Mr. Fairbairn.* The follow- 
ing are the proportions given by him : — 

Area of coupling - - - = 2 x area of the shaft. 

^^ioup^^" ^""^ ^^^^ "! j = 1-4142 X area of shaft. 
Length of lap - - < = diameter of shaft. 

Length of box - - - = 2 x diameter of shaft. 

'"'^^I^.^^^ ""^^''^ ! = 2i X diameter of shaft. 

Figs. 75, 76, 77, represent the coupling adapted for a 
3" shaft, drawn to a scale of ^, 

85. Helical or Screw Curve.— Figs. 78, 79, Plate YI., 
represent in front and end-elevation the helical curve, 
which is traced as follows : — If during the revolution of a 
cylinder a marker, which moves parallel to the axis of the 
cylinder and at a uniform rate, traces upon its surface a 
curve, the curve so traced is called the helical or screw 
curve. The distance moved through by the marker during 
one revolution of the cylinder is termed the pitch, and 
the direction in which it moves determines whether the 

Now Sir William Fairbairn, Bart. 
2 E C 
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curve is rigJU or l^-hand. Assummg the cylinder to be 
turning in the direction of the hands of a watch, as i "" 
cated in fig. 78, and the marker to move ffom right to 
left (0—16, 0—8 in fig. 79), the curve is rigkl-handed, 
and left-lianded if vice verad. The curves shown in 
78, 79, are right-handed and of the same pitch, but differ- 
ing in diameter; the pitch is the distance ab{0 — 13). 
la the example illustrated, the curves are sappoaed to be 
fine wirea bent to the required form, or the cylmders upon 
which they are traced are supposed to be transparent, ( 
that the l^k half of the curve may be seen ; the &ont 
half of the curve is marked — 8, the back half 8— J 6. 
If the curve were a left-handed one, the portion marked , 
8 — 16 would be the. front, and that marked — 8 
back half. 

The length of the curve is equal to the hypothen 
of a right-angled triangle abc, fig. 81, having for its I 
the circumference of the cylinder, fig. 80, and for its 
height the pitch ab, fig. 82. And if the triangle 




wound round the cylinder, keeping the base at right 
angles to the axis, the hypothenuse will assume tho curved 
foim shown in figs. 82 and 79, where ab = the pitch, 
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he = the circumference of the cylinder, and ac = the length 
of the curve, ac, fig. 81, is a development of the curve. 

86. The drawing of the curve is as follows : — ^Having 
the diameter of the cylinder and the pitch of the curve 
given; for the larger curve, divide the circumference 
of the circle, fig. 78, into any convenient number of equal 
parts, divisible by 4, as 12 or 16; and the pitch aby in 
fig. 79, into the same nimiber of equal parts; in the 
example we use 16, nimibering the points 1, 2, <fec., to 16, 
respectively in both figures. From 1 6, 1,2, <kc., to 8 (9 to 1 5 
being in the same lines as the former), in fig. 78, draw 
lines parallel to the axis of the cylinder cCy and from 
1, 2, <&c.,to 16,in ^g. 79, lines perpendicular to the axis; the 
intersections of the lines 1 — 1, 2 — 2, 3 — 3, <kc., are points 
in the curve ; join these points and the curve is complete. 
In the top half of fig. 79, between 6, d, is shown a quarter 
of this lai^er curve, numbered 4 to 8. In the lower half, 
between b, d, is shown a quarter of the smaller curve, num- 
bered to 4, which can be obtained similarly, the con- 
struction lines indicating clearly how to project it. In 
the examples, figs. 78 to 82, we have taken a sufficient 
number of points to determine the curve with a suffi- 
cient degree of accuracy for ordinary purposes ; if greater 
accuracy is required it can be obtained by taking a larger 
number of points on the circumference of the circle, and 
the same niunber between a and 6. It will be noticed 
the curve is quickest between — 2 and 6 — 8, figs. 78, 
79 ; intermediate points may be taken between these to 
determine the curve more accurately. 

37. Screws. — Screws are made by cutting helical 
grooves, of a triangular, square, or other cross-section,* in 
cylindrical pieces of metal or wood ; the ridge or pro- 
jecting part is termed the thread ; the pitch is the dis- 
tance between two consecutive threads, measured as 
described for the helix, Art. 35, page 41. The two 
common kinds of screws in use, excepting those for wood^ 

* A section made by a plane perpendicular to the direction of 
the length o£ the groove. 
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are the V or triangular and the square-threaded ; the for- 
mer is chiefly used for holts, stvds, and set-screws; the 
latter to transmit motion by means of slides, as in the 
slides of lathes, planing machines, and other engineering 
tools, &c. 

38. The V-threaded screw is represented on Plate VI., 
figs. 83 and 84. It is usual to denote the pitch, which 
varies according to the diameter of the screw, by so many 
threads per inch in length ; in the example shown the 
screwis2 J" diameter, and has 4 threads per inch, equivalent 
to J" pitch. In ^g. 84 a6 is the pitch, which is set off 
along the centre line, or upon the outline of the cylinder, 
as shown at 4, 4, a, 6; having thus divided the screw for 
the pitch, draw oa', ab\ so that aab' contains an angle 
of 55°, aa'f ab' being equally inclined to the axis ; from 
b draw bb' parallel to aa meeting ab' in b'; V is the 
bottom of the groove; draw 6'4' parallel to the axis, 
meeting the centre line of fig. 83 in 4'; with C4' as a 
radius, describe the semicircle 4'2'0', which will repre- 
sent the bottom of the groove or thread. 

The curves 46, 4a, oa, bb, &c., which form the tops of 
the threads, and a a, b'b\ &c., which form the bottoms of 
the threads, are obtained in the same manner as described 
for the previous figures. The groove ah% fig. 84, is 
termed the space, and is occupied by a projecting thread 
in the nut. In this example we have divided lihe semi- 
circles which form half the end-elevation into 4 equal 
parts, and, therefore, the pitch into 8 equal parts. As 
each curve in making a revolution passes through a space 
ah, half the curve, as seen in ^g, 84, will have passed 
through the space cb, or \ah, numbered 1, 2, 3, 4. 
Fig. 85 shows an enlarged section of the thread. In 
drawing the V we may either draw ad inclined to the 
axis at 62 J° (90° — *^°) by setting off the angle by means 
of a 'protractor from a horizontal line, as the axis, or by 
placing the protractor at a, perpendicular to the axis, and 
marking off a line ad inclined to oe at 27J° (^ of 55°), 
ah' being drawn in a similar manner. Having determined 
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the curves for the top and bottom of the thread, as shown 
by the dotted lines on the left-hand of fig. 84, the remain- 
ing curves may be drawn by means of templates, consisting 
of thin wood or card-board cut to the required form. The 
templates for the curves a a', aa, ike., fig. 84, are shown in 
figs. 84a, 846. It is much better to make separate tem- 
plates for the different curves, than to try and make use 
of the ordinary motUds or curves. The thread we have 
described is the " Whitworth Screw ThreadJ^* 




a\ 



.7 
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"■ Fig. 84a. / 




Fig. 84&. 
In iig. 84 we have shown the thread of the screw with 
angular top and bottom; this, however, is not quite 
correct, but for convenience in drawing we may assume it 
to be so. The Whitworth screw thread has ^ of the 
depth rounded off at the top and bottom, as shown in 
fig. 85. . a 



\a 




Fig. 85. 
89. The following table contains a list of the number 
of threads per inch in length for screws from ■^" to 6" 
diameter, according to the Whitworth Standard : — 

* Introduced by Mr. Joseph Whitworth of Manchester, now 
Sir Joseph Whitworth, Bart. 
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40. Sqnare-Threaded Sorevs.— Plate TIL, figs. 86, 

87 represent a rigtt-haJided Bquate-threaded screw 2^" 
diameter, Mid ha-ring two threads per inch, oi J' pitch. 
A section of the thread of the screw made bj a place 
passing through SP, fig. 86, is a square whose aide = J 
the pitch, the space being a square of equal side. The 
thread taid space, therefore, maie np the pitch ; but this 
refers only to single-threaded screws. "We shall refer to 
this point shortly. The curves for the elevation of the 
screw, fig. 87, are projected in a matmer similar to that of 
the preceding examples, as shown by the construction 
lines ; the o^y difierence is in the form of the thread, 
there being two parallel curves for the top and two for 
the bottom of the thread in square-threaded screws. At 
^, fig. 87, the back half of the thread is shown in dotted 
Unea, portions of which, /g, eA, are in full where they 
cross the space. It will be noticed the dotted curves are 
inclined in the opposite direction to those shown in full. 

41. As previously stated. Art. 28, page 37, the bear- 
ings of screws are ntd» which fit the former accurately. 
Figs. 88, 89, represent in half-plan and sectional eleva- 
tion a nut for the screw shown in figs. 86, 87, The curves 
are exactly similar to those of the screw, and in the half 
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sHown in ^g. 89, they are inclined in the same direction 
as the dotted curves ef, fig. 87 ; in the half of the nut 
removed they are in the opposite direction. 

The construction lines show how fig. 89 is drawn. Fig. 
90 is a section of the threads of the screw and nut, 
showing them in contact. 

42. In figs. 83, 84, and 86, 87, we have shown how to 
draw the true form of the threads of screws, V and 
square-threaded ; however, in most instances, approxima- 
tions to the true form are employed, and, generally, the 
smaller the scale of the drawing the further the approxi- 
mations are carried. Figs. 91, 92, Plate VIII., represent 
the Y-threaded screw shown in figs. 83, 84, drawn to a 
scale of -J; the curved lines aa, aV are here replaced by 
straight lines. Fig. 94 is drawn to a scale of J, the 
Vs not being shown. In smaller scale drawings lines 
are used to represent the tops of the threads only, as at 
e, d, fig. 70. Figs. 95, 96 represent a right-handed dovhle 
square-threaded screw, 2y diameter, 1'' pitch, scale ^. 
The curved lines are replaced by straight ones. As there 
are two independent threads on this screw, the sections 
of the thread and spsice will be squares whose sides 
= \ the pitch. If there were three threads on the 
screw, then the squares would have sides of \ the pitch. 

43. We will now define the term pitch, so that it shall 
be independent of the number of. threads in the screw, 
which we consider to be the clearest manner of express- 
ing it. In all cases either the screw or the nut is fixed, 
and prevented from moving lengthwise (in direction of 
the axis of the screw) ; we shall consider the nut to be 
the moving piece, as being most suitable for the defini- 
tion. The pitch of a screw is the distance moved through 
by the nut during one revolution of the screw. To find 
the size or thickness of the thread for square-threaded 
screws, divide the pitch by twice the number of threads 
in the screw, and the quotient will be the required size. 
In fig. 96, ah = the pitch, and therefore the thickness of 
the thread = \ ah. 
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44. Screws are right or left-handed, according to the 
direction in which the nut moves; when the screw is 
turned round in the direction of the hands of a watch, 
the nut moves in the direction 6a, figs. 92, 94, 96, from 
left to rights the screw is therefore right-handed; and left- 
handed if vice versd. 

A left-handed square-threaded screw, 2^" diameter, 
pitch, is shown in figs. 97, 98, drawn to a scale of 
Fig. 98 shows a common approximation to the true form 
of the thread. If the screw be turned round in the 
direction indicated by the arrows, the nut will move in 
the direction ab, from right to left. 

Screws are considered to be right-handed single thread, 
imless otherwise stated. Left-handed screws are only 
used in special cases. ' 

45. For square-threaded screws there is no strict 
standard for the number of threads per inch of length 
according to the diameter of the screw, as there is for the 
V-threaded screw. In some establishments the rule is, for 
the same diameter of screw, to allow the number of threads 
per inch to be one-half that of the V-K;hreaded screw. 
This rule agrees very nearly with the following table : — 
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CHAPTER Vn. 

46.. In this chapter we shall consider some of the 
kinds of wheels used as connecting pieces between shafts 
for the direct transmission of motion. 

Spur Wheels are used for the purpose of transmitting 
motion from one shaft to another when the shafts are 
parallel. If the wheels are circular the motion is regular; 
and it is irregular in the case of elliptic and lobed wheels. 
We shall only consider the former kind, and confine our- 
selves to the simplest form of spur wheels, those having 
teeth projecting from the rim and parallel to the axis of 
the wheel. By giving proper diameters to the wheels we 
may obtain any required number of revolutions, within 
certain limits, for each shaft respectively. 

47. In figs. 99, 100, Plate IX., A and B are the 
centres of two shafts, which are required to be connected 
by spur wheels, so that B shall make two revolutions to 
one of A. Required the diameters of the wheels. From 
A draw any line A6, making an angle of about 30° with 
AB, and upon it set off Ac, c6, so that Ac = 2cb, 
Join B6, and from c draw cC, parallel to B6, cutting 
AB in C, then AC, BC are the required semi-diameters 
or radii. We could have found C by dividing AB by 
trial, as the division is a simple one ; but the plan 
adopted can be applied whatever be the ratio of the 
diameters of the wheels, and is therefore a general solu- 
tion. The wheel A we shall term the driver and B the 
follower. 

The act of giving motion to a piece is termed driving 
it, and that of receiving motion from a piece is termed 
following it.* 

In this example we have considered the wheels to be* 
toothless, and to be roUing together without sliding, so 
that for each inch or fraction of an inch of the circumfer- 
ence of the wheel A passing the point C, an equal length 
* Prindplea of Mechanism, by Prof. Willis. 
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of the circumference of the wheel B passes the same 
point. The two shafts rotate in opposite directions; thus, 
if A turns in the direction of the hands of a watch, B will 
turn in the opposite direction. Wheels used to transmit 
motion are usually provided with teeth to ensure regu- 
larity of motion and the transmission of greater force 
than could be obtained conveniently with toothless wheels. 
The circles CDE, CFH, then become the pitch circles of .. 
the wheels, which are situated near the middle of tho -I 
length of the teeth. See Ch. IX. on the Teeth of Wheels. Vj 

48. The diameters of wheels are generally referred to • 
their pitch circles; thus we speak of the diameter of - 
the pitch circle of a wheel of, say, 30 teethy \" pitch. 
Figs. 101, 102 represent a pair of wheels in outline (not 
showing the form of the teeth), A has 24, and B 18 
teeth, f ' pitch. The pitch is the distance, measured 
along the pitch circle, from the centre of one tooth to the 
centre of the next tooth. In fig. 101 the dotted circle 
marked t represents the top, and that marked b the 
bottom of the teeth. A is a plate wheel, the boss is 
marked a ; c is the plate, and d the rim of the wheeL 
The wheel B is solid, having projecting pieces, e, on each 
side, termed facings. The figures are drawn to a scale 
of j. To draw the wheels it is necessary to know the 
distance AB and the diameter of one of the wheels, 
from which we can readily obtain the diameter of the 
other, or the diameters of both wheels. We will take 
the problem as follows : — 

49. Given the number of teeth and the pitch of a pair of 
spur wheels, and the kind of wheels (solid, plate, or with 
arms), to make a drawing of them in outline. Having 
di'awn the common centre line AB, fix upon A or B for 
one centre ; now find the diameter of each pitch circle, 

^wvhich may be done as follows:— The diameter of a circle 
bears a constant ratio to its circumference, the ratio is 
1 : 3*1416, or 1 : 3y nearly, that is to say, the circumfer- 
ence is 3*1416 times the diameter; therefore, knowing 
the number of teeth and the pitch, we can easily find the 
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of the circumference of the wheel B passes the same 
point. The two shafts rotate in opposite directions; thus, 
if A turns in the direction of the hands of a watch, B will 
turn in the opposite direction. Wheels used to transmit 
motion are usually provided with teeth to ensure re/m- 
larity of motion ^d the transmission of greater fo?ce 
than could be obtained conveniently with toothless wheels. 
The circles CDE, CFH, then become the pitch circles of 
the wheels, which are situated near the middle of the 
length of the teeth. See Ch. IX. on the Teeth of Wheels. 

48. The diameters of wheels are generally referred to 
their pitch circles; thus we speak of the diameter of 
the pitch circle of a wheel of, say, 30 teethy V pitch, 
Mgs. 101, 102 represent a pair of wheels in outline (not 
showing the form of the teeth), A has 24, and B 18 
teeth, f " pitch. The pitch is the distance, measured 
along the pitch circle, from the centre of one tooth to the 
centre of the next tooth. In fig. 101 the dotted circle 
marked t represents the top, and that marked h the 
bottom of the teeth. A is a plate wheel, the boss is 
marked a ; c is the plate, and d the rim of the wheel. 
The wheel B is solid, having projecting pieces, e, on each 
side, termed facings. The figures are drawn to a scale 
of \, To draw the wheels it is necessary to know the 
distance AB and the diameter of one of the wheels, 
from which we can readily obtain the diameter of the 
other, or the diameters of both wheels. We will take 
the problem as follows : — 

49. Given the number of teeth and the pitch of a pair of 
spur wheels, and the kind of wheels (solid, plate, or with 
arms), to make a drawing of them in outline. Having 
di'awn the common centre line AB, fix upon A or B for 
one centre ; now find the diameter of each pitch circle, 

^«yhich may be done as follows :— The diameter of a circle 
bears a constant ratio to its circumference, the ratio is 
1 : 3*1416, or 1 : 3^ nearly, that is to say, the circiunfer- 
ence is 3*1416 times the diameter; therefore, knowing 
the number of teeth and the pitch, we can easily find the 



^ 



M 



i 

J 



I 



r 



*• 



i^". \ 



"'.f^^' , 






•■■iji<'."v 



^4^ 



# 



\ 



H .' 



'K 




-X 









rks 
.•^•- 



. J-'i- 






r late A 



iZ- 






I J ii."^J 





-r 



116.105. \ 



2 E. 



PULLETS AND BANDS. 63 

then Jy/kf D/g are two cones which are the pitch surfaces 
of the required wheels, as in the last example ; frusta of 
these cones are used for the wheels. The same equations 
are applicable for bevel wheels as those given for spur 
wheels in Art. 50, page 59. 

63. We will now take an example, applying it to the 
case of equal bevel wheels with axes at right angles, 
called mitre wlieek. Fig. 107 is an elevation, and fig. 108 
a plan, of a pair of mitre wheels in gear of 24 teeth, 1" 
pitch j the diameter of pitch circle = 7*636", or 7f " nearly. 
Draw the centre lines aa, aa\ bb, b'b\ and the pitch circles 
kfffgvD. plan and elevation, joia C/) C^, C^, fig. 108. 
From / dmw fe perpendicular to C/*, meeting the axis aa 
in e, and join eg ; then eg is perpendicular to C^. Draw 
similar Imes from / and k for the other wheel. Fromy* 
along Ife set off the top t and bottom p of the teeth of 
each wheel, as shown at g ; from each of these points 
draw lines to C. Upon /C or gO mark off gm, equal 
the width of the teeth, making both wheels similar. The 
construction lines show how to complete the drawing. 
The teeth of bevel wheels are made of the same size as 
the teeth of spur wheels of the same pitch at tgp, fig. 108, 
but as they Kidiate to a common centre C, they decrease 
in size the nearer they are to that centre. The follow- 
ing dimensions may be added : — Diameter of hole for 
shaft 1 J"j diameter of boss 2f "; width through boss 2|"; 
width of teeth gm 2 J"; and the key 3^" square. The 
other proportions of the teeth are to be taken from one 
of the sets of dimensions given in Art. 66, page 71. 

We shall treat bevel wheels more fully in the Advanced 
Work of this Series. 



CHAPTER Vin. 

54. The connection between shafts by means of pulleys 
and bands for the transmission of motion. 
Pulleys and Bands. — ^In the previous chapter we con- 
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sidered how motion could be tranamitted by wheelwork ; 
we shall now refer to a more simple and less expensive 
means of obtaining similar results j it is one, however, 
which can only be applied in cases where the motion 
transmitted may vary in extreme cases without causing 
serious inconvenience, as for instance, when one shaft 
turns round a fraction of a revolution more or less than 
the other. However, there are cases where pulleys and 
bands cannot be used for other reasons, but these refer 
more especially to the transmission of motion between 
shafts in machines where the space is limited, and where 
a direct connection is essential The arrangement under 
consideration has many advantages over that of connec- 
tion by wheelwork ; one is that the shafts may be any 
distance apart within reasonable limits; and a second is, 
that any variation of the distance between the shafts does 
not alter their rate of motion, as the band can be adjusted 
to suit the change, and the pidleys can be made of a 
relative diameter, so as to produce the required number 
of revolutions per minute of each shaft independent of 
the distance between them. One important advantage of 
the pulley and band arrangement is, that if, through acci- 
dent or otherwise, any sudden strain is thrown on, which 
might cause breakage in wheelwork, the band will slip on 
the puUey; by adjusting the baaid any required degree of 
tension may be obtained. 

65. The band or other connecting piece between the 
puUeys is made of various materiaJs aad of two principal 
forms — flat and round. As the flat band (belt or strap) 
is the one chiefly used, we shall confine our examples to 
this form. The material commonly used is leather, as it 
possesses several important qualities suitable for the pur- 
pose; there are, however, several composite materials 
used for the purpose. 

56. In figs. 109, 110, Sj, Sg represent two parallel 
shafts, of which S^ is the driver; they are to be con- 
nected by pulleys and belt, so that for every revolution of 
Sx; S2 shsdl also make a revolution, and the direction in 
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which they turn shall be the same, as sho^\n by the 
an»ows in fig. 109. The diameters of the pulleys on Si 
and Sg will therefore be equal, as would be the case if 
they were toothed wheels. The amount of belt surface 
in contact with the pulley on S^ is equal to aa, and that 
on S 2 to 65; and as the pulleys are of the same diameter 
aa = bb. 

This is termed the open belt arrangement. 

a\ jh 




67. If the shafts aj:e required to turn in oj)posite 
directions the belt is crossed, as shown in figs. Ill, 
112 : not only is a difference produced in the direction 
of the motion of the shafts, but also a greater amount ol 
belt surface is brought into contact with the pulleys than 
in the open belt, as shown at aa, hh, fig. 111. The belt, 
in passing from a to h, turns through two right angles ; 
at c, where the two portions of the belt, ah, ah, cross, 
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a\ \h 
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112 : not only is a difference produced in the direction 
of the motion of the shafts, but also a greater amount ol 
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iglea to the position in whi 



they are at right t 
leave the pulleys at a 

68- In the two examples shown in figs. 109- 
pulleya are of equal diameter, therefore the nui 
reyolutioDS of each pair of shafts will be the aao 
by varying the diameters of the pulleys in the sai 
ner aa in a pair of toothed wheels, we can give ai 
of number of revolutions to the two shafts within 
limits ; for example, if the pulley on S^ = 24' di 
and that on Sg - 8' diameter, then Sj will mak 
Mvolutions to one of Sj. 

When a very great difference in the numbei 
volutions of tw. 
ia required, on 
or more inten 
shafts and pullt 




Fig. 113. Tig. 114. 
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and employed as a reversing motion, whicli is illustrated 
in figs. 113, 114, where S^, Sg are two shafte, S^ being 
the driver and Sg the follower; a,b,c are three pulleys on 
the shaft Sgj a and c are keyed to the shaft, but b is 
loose upon it, so that it may turn without turning the 
shaft; d ia a, pulley keyed to the shaft Sj. Two belts 
are used, an open one e and a crossed one /, and they are 
so arranged that one of them is always upon the loose 
pulley. In the position shown in fig. 113 the open 
belt is on the fast pulley a, and the crossed one on the 
loose pulley b, so that Sg turns in the same direction 
as Si ; if now the two belts are moved so that e is upon 
the pulley 6, and / upon the pulley c, then Sg will turn 
in the opposite direction to S^. By this means a revers- 
ing motion is obtained for the shafb Sg. It is employed 
in planing machines, screw-cutting lathes, &c, 

61. By using a fast and a loose pulley on the shaft S^ 
and a single belt, the shaft may be stopped and started at 
pleasure; this is termed the^o^^ and loose pulley arrange- 
ment. 

62. Cone or Speed Pulleys are employed where a 
limited change in the rate of motion (number of revolu- 
tions per minute) of two shafts is required. Figs. 115, 
116, Plate XII., represent an arrangement of speed pulleys; 
Si and Sg are the two shafts, on each of which are fixed 
speed pulleys A and B respectively. Each pulley is 
made up of three pulleys or speeds, 6, c, d, of different 
diameters, increasing in radii by a common quantity a. 
The pulleys are arranged as shown in the figures, so that 
the smallest speed of the set on A is connected with the 
largest of the set on B ; and as the diameters b, c, d of the 
pulleys A and B are equal, the length of the belt is 
constant for each of the three positions in which it may 
be placed when connecting the speeds b — d, c — c, d — b. 
Let A be the driver, then when the belt is in the 
position shown (on b—d), S^ rotates a greater number 
of times in a given time (a minute) than Sg ; when 
the belt is on c — c, S^ and S^ rotate the same number 
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of times per minute ; and when the belt is on d — h, S^ 
rotates a less number of times per minute than Sg. 
By increasing the number of speeds a greater amount 
of variation can be obtained ; however, it is not usual 
to employ more than six speeds. 

63. The common quantity a is termed the /aU or 
8t^; if the diameter of the smallest pulley = 6, tiLen the 
diameter of o=:b + 2a, and the diameter of d = G + 2a; 
thus, let the diameter of 6 = 12*, and a=lj", then the 
diameter of c = 12" + 3" = 15", and of ci = 16" + 3" = 18". 

The sums of the diameters of the two connected 
pulleys are constant, thus 6 + c? = 12" + 18" = 30", 
c + c = 16" + 15" = 30", md d + b = 18^' + 12" = 30". The 
arrangement is independent of the distance between the 
axes e. Speed puUeys are employed in a variely of 
machines, of whidi ^rhaps the most common ia the 
lathe. 

64. Figs. 117-119, Plate XII., are elevations of a 
speed pulley; the fall is 1^", and the diameters of the 
speeds are 1'..6", l'..2i", and 1'..0". In this example the 
p^ is fixed on thi ^nd of a shaifc a, one of the beat^ 
Lg8 of which is marked e, fig. 119. i^. 117 is an end. 
elevation of fig. 119 projected in the direction D. Fig. 118 
is an end-elevation of fig. 119 projected in the direction 
£; the top half of this figure shows the inside of the 
pulley, the plate / having been removed ; the bottom 
half shows the plate in position. The greater portion of 
fig. 119 is in section, portion of the shaft is also in section 
showing the mode of connection between the pulley and 
shaft. The plate f is connected to the pulley by means 
of three scre^ g, one of which is shown hi figi. 118, 119; 
in the top half of fig. 118 are shown the two holes g^^, to 
receive the screws g: this plate is provided with a boss A, 
which is bored <mt to the same diameter as the shaft upon 
which it runs loose, k is the boss of the pulley; the 
connection between the shaft and pulley is made by 
means of a key let into this boss and the shaft ; ^ is a 
washer fixed to the shaft by means of a set-screw o, its 
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use is to prevent the pulley firom working loose on the 
shaft. The following are the remaining dimensions : — 
Width of each speed 3" ; boss k \\" diameter x Z\^ 
through ; boss h 4" diameter x 3'' through ; diameter of the 
shaft a 2 J" ; thickness of metal 9Af^'\ at m -^", and at 
n -f^"] diameter of setnscrew o f"; diameter of set-screws g 
Y'f washer 1 3^^ diameter x |" thick; key J" square and ^Y 
long. The whole is of cast-iron except the shaft a, the 
screwB g and o, and the washer ly which are of wrought- 
iron, and the key, which is of steel. The outer surface of 
the speeds is curved as shown at pq, the amount of con- 
vexity is that stated in Art. 59, page 66. 

The drawing of these figures should present no difficulty 
to the student, as there are no lines to be drawn other than 
straight ones, circles, and arcs of circles ; and they should 
be drawn to a scale of not less than \. In aM cases the 
student should work from the written dimensions when given, 
rather than apply a scale to the figures, or copy off the 
dimensions by means of instruments. This remark applies 
to all the figures in this book, and generally in all cases. 



CHAPTER IX. 

66. On the Teeth of Wheels. — ^In chapter VII. we 
considered spur and bevel wheels, without respect to the 
form of the teeth; we shall now proceed to state the pro- 
portions of the teeth of such wheels, and certain practical 
methods of drawing them, leaving the consideration of 
the various curves used in their construction for our 
Advanced Work. In Art. 47, page 55, it is stated why 
teeth are necessary for wheels, and in Arts. 48 and 49, 
page 56, we worked out an example of a pair of spur 
wheels in outline; we will now complete the example for 
the wheel A showing the teeth. 

66. Before working out this example, we will give the 
proportions of the several parts of the teeth. It is usual 
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to refer tlie dimensions of the teeth to the pitch of the 
wheel. In fig. 120 is shown a tooth divided into its 
several parts; PC is the pitch line (a circle in the case of 
circular wheels), AD the pitch, T the top of the tooth 
(outside the pitch line), B its bottom (inside the pitch 
line), W the thickness, T + B the total depth of the tooth, 
and S the space between two consecutive teeth; AD, W, 
and S are measured along the pitch line; E. is the thick- 
ness of the rim. One set of dimensions is shown in fig. 
121, where ah represents the pitch (1 J" in the figure) and 




Fig. 122. 
is divided into 10 equal parts; of these T = -33, T + B = 
•75, "W = -4:5, S = *55, R = *45; or, calling the pitch p, 
T = J5 X -33, T + B = j5 X -75, W =^ x -45, S =^ x -55, 
R = j5 X '4:5. The usual width of the tooth on its face 
=jp X 2-5. 
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Another set of proportions is obtained by dividing the 
pitch into 15 equal parts, as shown in fig. 122, and mak- 
ing T = % B = % W=L and S = i. There are other 

15 15 15 15 

proportions used by different makers, which come very 
near to one or other of the above sets. The form of the 
tooth (efg, fig. 120) is of considerable importance; there 
are three chief forms in use; in the examples in this book 
we shall use the cychidal form of tooth. 

67. In figs. 123, 124, Plate XIII., is shown in eleva- 
tion and plan the spur wheel of 24 teeth and ^' pitch, 
whose dimensions are given in Art. 49, page 56. We have 
substituted arcs of circles for the epicycloids and hypo- 
cycloids which form the curved surfaces of the teeth, as 
is usual in scale drawings; however, in making the wheels, 
the form of the teeth should be obtained correctly, and 
then approximations may be used for drawing purposes. 
The approximations employed in this example are very 
near the true form. 

Having drawn the centre lines ex,fyy the pitch circle 
SP, and the circles for the top and the bottom of the teeth, 
divide the pitch circle Into 24 equal parts; take one of 
the pitch points, as a, and mark on each side of it a dis- 
tance ab = ^W; from c^ as a centre with a radius db 
^= the pitch + J W) describe the top of the tooth bb; and 
m)m c as a centre with a radius cb ( = the pitch - J W) 
describe the bottom of the tooth bb' (the points d and c 
are the centres of the teeth on each side of a). Then bbb' 
is one side of a tooth; by repeating the operation its other 
side can be drawn, and in like manner the remaining 
teeth of the wheel. The student will find it better first 
to draw all the tops and then the bottoms of the teeth, 
so that only one alteration of his drawing instrument will 
be necessary. Fig. 123 is an elevation, and fig. 124 is a 
plan, of the wheel; the right-hand half of the plan is in 
section, as made by a plane S^ Pi, fig. 123, showing the 
key in position; the other half of the plan is an ordinary 
projection showing the teeth; the construction lines indi- 
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cate how each is obtained. The top of the tooth is some- 
times termed the face, and sometimes the addendum, while 
the bottom of the tooth is called the /Icmk, 

68. To facilitate the drawing of the teeth of wheels 
formed by cycloidal curves, an instnmient has been 
designed by Professor Willis, by which arcs of circles are 
substituted for the curves; the result gives a very near 
approximation to the true form. The instrument is called 
by its inventor the Odontograph; fig. 125, Plate XIV., 
is a drawing of it to a scale of J. For practical use it 
may be cut out in card-board or sheet metal; the student 
will be able to construct the instrument from the figure 
and the following description : — Having provided a rectan- 
gular piece of caixi-board, 13" x 7 J", upon one of its edges, 
as AB, take a point T about 2 J" from B ; on each side of 
T set off distances of J"; divide each of these into 10 
equal parts, and number them as shown; from T draw 
TO so that the angle ETC contains 75^ The tables are 
to be copied from the figure; the top one contains the 
centres for the flanks, and the bottom one those for the 
faces of the teeth; the first column in each table contains 
a list of certain wheels of from 13 to 150 teeth; the whole 
of the wheels are not given, because the error in taking 
from the column the numbers for the wheel nearest to 
the one required is very small* and practically inappre- 
ciable. The remaining colimms contain respectively the 
numbers for the centres of the faces and for the flanks of 
the teeth of the wheels given in the first colunm, for 
pitches advancing by quarter inches from 1" to 2 J", and 
for a pitch of 3". The numbers for intermediate pitches 
may be found by direct proportion from those given; thus, 
for Y pitch, by halving those of 1" pitch; for 3 J" pitch, 
by doubling those of If" pitch; and so on for other 
pitches. 

69. An example will explain how to use the instru- 
ment. In figs. 126 and 127, Plate XV., A is the centre 

* The error in the curves for a wheel [of 3" pitch is less than 
'^ of an iuch. 
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and PC the pitcli circle of a wheel of 29 teeth, 1 J* pitch. 
Fig. 126 is drawn to a scale of ^, and fig. 127 shows a 
portion of the former figure dmwn full size. Let it 
be required to describe the teeth of the wheel. From A 
draw any radial line AB cutting the pitch circle in m, 
from m set off along the pitch circle mt>, mE, each equal 
to one half of the pitch ; from D, E, draw radial lines 
DA, EA. For the flank of the tooth place the line CT 
of the instrument upon the line AD, so that T coincides 
with D; now look to the table of certtres/or thejiamks of 
teethy and in the column of 1 J" pitch, opposite 30 teeth 
(nearest to 29) is the number 21. The point numbered 
21, counting from T to A, on the scale of centres for the 
fianks of teeth is the centre required; we will call 
the point h\ and from A as a centre with a radius 
hm describe the arc m'py which is the required 
flank. To describe the face place the line CT upon 
AE; in the table of centres for the faces of teeth 
opposite 30 will be found the number 9, counting from 
T to B; mark off this number from the scale of centres 
for the faces of teeth; we will call the point k; from this 
point as a centre with a radius km describe the arc trmf 
wHch is the reqidmi face. By repeating these curves 
the other side of the tooth can be drawn, and also the 
remaining teeth. From A as a centre with radius A^, 
A^, respectively, describe circles hq, rk. These circles 
contain the centres (h, k) of all the teeth, which are to 
be described with the radii hm, km, "We will apply the 
instrument to draw the teeth of a rack and pinion. 

70. Back and Pinion.— Figs. 128, 129, Plate XVI., 
represent, in elevation and plan, a rack and pinion in 
gear; the pinion A has 16 teeth, I'' pitch; B is the rack, 
the pitch line of which is a tangent to the pitch circle of 
the pinion at the point h. Having drawn the centre lines, 
describe the pitch circle PC of the pinion, which is 5*091'' 
or 5^" diameter, and draw pi the pitch line of the rack ; 
divide the circumference of the pitch circle into 16 equal 
partS| mark off the thickness of each tooth on the 
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pitch circle, one lialf on each side of the points s, t,u,&o.f 
then mark off the top and the bottom of the teeth from the 
first list of proportions given in Art. 66, page 71, and 
describe circles for them, as shown in the top left-hand 
quadrant of Rg, 128. Now divide the pitch line of the 
rack for the teeth, so that a tooth of the rack shall be in 
contact with a tooth of the pinion, as at a, the pinion 
being the driver and turning in the direction indicated 
by the arrow. 

To describe the teeth for the pinion, find the points h and 
k for the flanks and the faces of the teeth, as in Art. 69, 
page 76, the nimibers being 40 and 6; through h and k 
describe circles having P for centre. These circles will 
contain the centres h and k for all the teeth; with hm and 
km as radii, describe the flanks and the faces of the teeth. 
In fig. 129 one half of the pinion is in section, as made 
by a section plane S^Pi, fig.. 128 ; the other half shows a 
projection of the teeth. The teeth of the rack are ob- 
tained in a manner similar to those of the pinion, as is 
shown in fig. 130, where ^^ is the pitch line, and where 
D, m', and E, are points corresponding to D, m, and E, 
in fig. 127; AD and AE are drawn perpendicularly to 
the pitch li^e, because jplis o, straight line. The points 




Fig. 130. 
h'y k\ are obtained from the scales in the same way as for 
the pinion ; the numbers 10 for the flanks and the faces 
are taken from the bottom line of the tables. 
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The teeth of the rack in fig. 128 are described in the 
same manner as those in fig. 130. 

71. A Spur Wheel and Pinion in gear is shown in 
figs. 131, 132, Plate XVH. The pinion A is the driver, 
and the wheel B the follower ; the former turns in the 
direction indicated by the arrow; the latter will there- 
fore turn in the opposite direction. The teeth are of the 
same form as those previously described in Art. 69, and 
the pitch is 1 J"; A has 19 teeth, and B has 50 teeth. 
The diameters of the pitch circles are by equation (3), 
Art. 50, page 59, for A 7-558" or 7^", and for B 
19-890" or 19|". 

Having drawn the centre line ay, fix upon a point for 
the centre of one of the wheels, say, E for the pinion A ; 
from E mark off along ya E6 = J of 7-^", and from h 
mark off 6D = J of 19|"; through E and D draw the 
centre lines dx, ez. From E and D as centres with radius 
E6 and T>h respectively, describe the pitch circles PC, 
and circles for the top and the bottom of the teeth, taking 
the proportions for these and also those for W and It 
from fig. 121, page 72, and the list given in Art. 72. 
The teeth are to be described as shown in Art. 69 ; the 
centres h and h are taken from the tables of 1 J" pitch, 
Plate XIV. The numbers for the faces are for A, 8, and 
for B, 10 ; which are the numbers for wheels nearest to 
the required ones. Those for the flanks are taken between 
37 and 31 for A, and between 18 and 15 for B, which 
are the numbers for wheels of 18 and 20 teeth, and 40 
and 60 teeth respectively.* 

The pinion is solid, with facings on each side 4" 
diameter, and ■^" thick ; the hole is 2" diameter, and Z\" 
through; the key is -f^' square. The wheel has six arms 
of a cross-section shown at X, fig. 131, as made by the 
plane S^Pi ; they are connected to the rim R and the boss 
K by feathers F, F; on both sides of each arm are 
feathers H, which also join the rim and the boss, the whole 
being cast together. The boss is 5" diameter, and 4'' 
* See foot-note to Art. 68, page 76. 
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tlirongh ; the hole is 2 J" diameter, and the key is ^'^ 
square. 

72. The proportions of the several parts are aa fol- 
low; — 



The pitch . . . (=1-25'') 
Top of the tooth T 
Bottom of the tooth B 
Total depth of tooth T + B . 
Thickness of tooth on pitch line W 
Space between teeth on pitch line S 
Thickness of rim R 
Thickness of arms G . • 
Width of feathers F, P 
Thickness of feathers H, F . 
Thickness of boss round shaft K 
Usual width of teeth L 



=px 
=px 
^px 
=jpx 
=px 
=px 
=px 
=px 
=px 1. 

=j7x2'5. 



•33. 
•42. 
•75. 
•45. 
•55. 
•45, 
•45. 
•45. 
•45. 



CHAPTER X, 



78. The change of rotary or circular motion into recip- 
rocating rectilinear motion by means of the Crank, the 
Eccentric, and Cams. 

The Crank. — In this chapter we shall consider the 
change of motion as stated above, taking for the first 
example the crank and connecting-rod, which is the most 
common arrangement nsed. The crank consists of an 
arm AC, ^g, 133, Plate XVIII., which turns about a 
fixed centre C ; the end A therefore describes a circle at 
each revolution of the arm. Attached to A is one end A 
of a connecting-rod Aa, while its other end a moves in 
the straight line baCD, In this example we shall con- 
sider the crank to be the driver, because then the change 
is from circular to rectilinear motion; and we shall 
suppose it to be turning in the direction indicated by the 
arrow. For every revolution of the crank-arm AC, the 
end a of the connecting-rod moves through the space bd 
+ db ; or, in other words, if the crank starts from the 
initial position CD and moves in the direction DAB, and 
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a starts from d moving in the direction db, at the same 
instant that A arrives at B, a will arrive at 6 ; for the 
other half revolution BSD of AC, a will move from bix>d. 
The distance bd ( = BD) is termed the stroke of the 
cranky and is equal to 2A0. A being the centre of the 
crank-pinj the circle DAB is called the path of the crank- 
pin; the length of the path of the crank-pin is nearly 
3-1416 times the length of the stroke. 

74. Owing to the obliquity of the crank AC, which 
varies for every new position on each side of BD, except 
the positions BC, DO, the end a of the connecting-rod aA 
does not pass through equal spaces for equal arcs described 
by the crank. A common problem is to find the position of 
a for any given position of A, and vice versd. By taking 
a number of positions for A we can find corresponding 
positions for a, and thus show the varying motion of a 
resulting from the regular motion of A. Divide the cir- 
cumference of the semicircle B3D, &g, 133, into any 
convenient number of equal parts, say six ; and from 1, 
2, 3, &c., as centres with a radius equal to the length of 
the connecting-rod Aa, describe arcs of circles cutting bd 
in 1, 2, 3, &c. ; then the distances between b — 1, 1 — 2, 
2 — 3, 3 — 4, 4 — 5, 6 — d, represent the spaces moved 
through by the end a of the connecting-rod for the equal 
arcs B— 1, 1—2, 2—3, 3—4, 4—5, 6— D, described by 
the crank. The motion of a when it is in the position b 
is ; in passing from 5 to 3 it increases from to its 
maximum ; and from 3 to c2 it decreases to ; the point 
marks the middle position of the path of the sliding 
end a. This variable motion of a, especially its decreas- 
ing at each end of the path^ is of great advantage in 
some kinds of machinery. 

?5. In the steam-engine the reverse of the motion just 
described takes place ; the sliding piece a, connected to 
the piston-rod of the engine, becomes the driver; the 
change is therefore from rectilinear to rotary motion. 

76. In figs. 134, 135, Plate XVIII., is shown in plan 
and elevation one form of wrought-iron crank and crank- 
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shaft, the whole being welded together. AC is the crank 
arm, A the centre of the crank-pin B, C the centre of th.^ 
crank-shaft, and D, D, are its bearings. The followin.^ 
are the dimensions : — ^AC (^ the stroke) is 7"; the diametei 
of the crank-shaft is 4", the bearings are 6" long and 3^' 
diameter; the crank-arms are 4:" wide at e, and 2^'*' thidk 
at/j the distance g between the arms is 4 J''. 

77. The drawing of these figures requires no special 
notice except for the curves ab, fig. 134, which we will 
now explain. Figs. 136, 137, represent a portion of 
the former figures, containing the curve ab drawn full 
size, and the mode of obtaining the plan of the curves. 
If the crank-arms, which are of a rectangular cross-section, 
were connected to the shaft, leaving angles at E, as AEB, 
fig. 137, the curved line ab would be a straight one eb; 
but for the purpose of strengthening such connections, 
angles are always avoided when circumstances permit; 
the angles AEB are JiUed-up leaving the outline, as seen 
at A, 1, 2, &c., to B, a quadrant of a circle, which is a 
projection of A'B', ^g. 136. This circular filling-up is 
continued on each side of A'B', as shown at AV, BV, 
If we take sections as kl, a'p, which do not pass through 
the centre of the shaft C, the plans of mn, ab' will not be 
circular as AB. The general problem will bo to find the 
form of the curve made by such cutting planes. In the 
present case the cutting plane is represented by the sur- 
face ab'p\ the cut portion of the circular fiUing-up being 
ab'y of which we are required to show the plan. Divide 
AB into any number of parts, 1, 2, 3, &c., not necessarily 
equal parts; and through these points draw lines parallel 
to AA' cutting A'B' in 1, 2, 3, &c.; from C as a centre 
with radii CI, C2, C3, &c., describe arcs of circles cut- 
ting a'V in r, 2', 3', &c. From these points draw lines 
parallel to AA' cutting lines drawn parallel to Aa from 
1, 2, 3, &c., ^g, 137; and mmiber the intersections of 
these lines I, II, III, &c. Through I, II, III, &c., draw 
the line ah, which is the required projection of ab'. 

78. We have employed tiie construction just described 
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to find the form of the line joining ab; to do this we 
have divided the portion of the solid between Aa, B6, by 
a number of vertical planes, which are represented by 
qly r2, s3, &c., in fig. 137, and by 11', 22', 33', &c., in 
fig. 136; theprojectionsof the intersections of these planes 
with ab' are the points 1', 2', 3', &c., in ^g, 137, and 
I, II, III, &c., in fig. 136, which when joined are the 
required line. The number of sections to be taken 
depends upon the degree of accuracy with which the 
curve is to be delineated. In scale drawings it is not 
usual to make constructions for such curves as the one 
described; the draughtsman, by frequent application, 
knows the form, and makes use of an approximation, 
which is a good one or otherwise according to his abiHty 
to describe the curve accurately. 

79. A common form of cast-iron crank is shown in figs. 
138, 139, drawn to a scale of ■^, the drawing of which 
should present no difficulty after working out the previous 
examples; however, as the curves I'm', mo\ are the pro- 
jections of the intersections of two curved surfaces, and 
therefore somewhat different to the preceding example, we 
have worked them out in figs. 140, 141, Plate XIX., for the 
small end of the crank; those for the large end are obtained 
in a similar manner. The angle formed by the connection 
between the web g and the bo88 e is fiUed-up by a quad- 
rant-shaped surface m?^, m'w'; the circular surface 7rd cuts 
this sui'fe.ce; the curve TthX is therefore the projection of 
the intersection of the two curved surfaces ml, mn] and 
similarly the curve mo is the projection of the intersec- 
tion of mo, mn, which connects the web g and iihe feather f 
with the boss. The web and the feather are also connected 
by a curved surface similar to mrif m'n. The construc- 
tion lines show how the curves l'm\ m'o', are obtained; 
the method used is the same as that employed for the 
preceding figures, hn in fig. 140 corresponding to a'V in 
fig. 136; the only difference is that ^ is a curved surface, 
whereas a'b' is a plane surface. 

80. The dimensions of the crank are as follow (see 
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figs. 138, 139) :— « = 2'..6'', 6 = 12", c = 5", d = 7^", <^ = 3J% 
/= 4", 5^ = 6^ A = 12", h = 9^, i>? = l'..l", ts = I'Uj^"; 
where a stands for half the stroke, h the diameter of the 
crank-shaft, c the thickness of metal round the shaft, d the 
diameter of the crank-pin in the crank, e the thickness of 
metal round the pin,y the thickness of the feather, g the 
thickness of the web, pq and ra the width of the web at 
pq and rs respectively, h the depth at the shaft end, and 
k the depth at the pin end. 

81. The Eccentric is employed to change rotary into 
reciprocating rectilinear motion, chiefly where the extent 
of the motion is small compared with that obtained from 
the crank; one special feature in the eccentric arrange- 
ment is, that it can be applied to shafts without neces* 
sarily being fixed at one end, or causing a break in this 
length of the shaft, as at v^ w, fig. 134. In figs. 143 to 
145, Plate XX., is shown an eccentric which consists of a 
circular plate A, termed the sheave, usually keyed to ihm 
shaft S. The centre of the sheave and that of the shaft 
are a certain distance BC apart, this is termed the eceet^ 
tricity ; twice the eccentricity BC ( = BD) is termed the 
throw f and corresponds to the stroke of the crank. Am 
the sheave is fixed to the shaft it turns with it; the 
motion is taken from the sheave by means of the strap 
E, which consists of a ring in halves fitting into a groove 
cut in the sheave, and connected by bolts F, F. The strap 
does not turn round with the sheave, but oscillates, having 
F for a centre; and at the same time it receives a motion 
in directions BD, DB ; therefore the strap must not fit 
the sheave too tightly. At G are inserted pieces of metal 
or hard wood, by adjusting the thickness of which, com* 
pensation can be made for the wear between the sur&oes 
of the sheave and the strap. Attached to the strap by means 
of bolts, or by a cotter, as in the figures, is a rod HK 
which transmits the motion to the piece to be operated 
upon, as the slide-valve of a steam-engine, as in the 
the example, where L is one end of the valve-rod. 

82. The dimensions of the several parts of the fignnes 
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shown in Plates XX. and XXI. are as follow : — The 
throw BD is 2 J", the diameter of the shaft S is 3^", the 
key T is I" X ^\ and it is let into the shaft y. The 
sheave A is Tf diameter outside, 7J'' diameter at the 
.bottom of the groove, and 2" wide ; the width of the 
groove is 1^''; the thickness of metal round the shaft is 
^", at ^ it is 1" thick to allow for the key-way; the rim 
e\aY thick, and the arm / is f " wide. The strap E is 7 J" 
diameter insido, and 8 J" diameter outside; the width is 
\y hare;* each half is provided with higs f" thick, 
through which pass bolts F f' diameter; tibe distance, 
centre to centre, of the bolts is 9 J"; at V on one half of 
the strap is a boss \\" diameter to receive one end of the 
rod HK; TJ, U, are feathers y wide, whose object is to 
strengthen the connection between the boss and the strap; 
W is a collar on the boss V If diameter and f' wide; 
the distance from the outside of the collar to the centre B 
of the strap is 6''. The cotter Q is 3" long, -^^ thick, and 
•^^ wide in the middle; the amount of taper in its length 
is y per foot; M is an oil-cup forming part of the strap, 
a section of which is given in fig. 1 46 ; B is a hole through 
which the oil passes; the cup is 1^" diameter outside, and 
1^" diameter inside; the tube is ^ diameter, the hole ^ 
diameter; the distance from the top of the cup to the 
centre line is 4f ; the cup is provided with a cover O, 
which is screwed into the cup; the diameter of the 
screwed part is V\ but the thread is finer than that given 
for 1" diameter in Table II., page 48. The edge of the 
cup-cover is generally milled^ to allow of a better hold 
being taken when xinscrewing it. The other dimensions 
may be taken from the figures. The eccentric-rod HK, 
is 2'.. 5J" from the centre P to the outside of the collar; 
the portion in the boss V is 1|" long and -J" diameter; 
the rod is y diameter at each end, and increases to ly in 

* To allow the surfaces of the strap and the sheave to slide pasi 
each other, one of them must be made a little less than the other, 
the term hare is used to denote this difference, which cannot bf 
shown in the drawing. 
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the middle; the end K of the rod is forked^ and ihrongli 
it passes a pin X, connecting the valve-rod L to itj 
between the fork and the cylindrical portion K the crosa- 
sections are rectangular and square; a portion of the 
Latter has its edges chamfered, leaving the section an - 
octagon, BB shown in fig. 156. The dimensions of the 
forked end are marked on the drawings, figs. 153, 164:. 
The pin X is prevented from leaving its position by ..: 
means of a pin Y which passes through the former; 
between the pin and the fork is a washer Y diameter and 
Y thick; the pin Y may be either a piece of round iioirt^ 
or of the form shown in fig. 156, which is termed a s/pUb- 
pin ; the cross-section of the wire out of which it is made 
is a segment of a circle, nearly a semicircle; by opening 
out the halves of the pin at a, it is prevented from leaving 
the hole in which it is placed. The sheave is cast-iron, 
the strap is brass, and the rod, pin, washer, and cotter, 
are wrought-iron. 

83. Fig. 142, Plate XX., represents in outline the 
eccentric an-angement; the centre line a'y^ is the ^th of 
the valve-rod, which passes through the centre C of the 
shaft; BEDF is the path of the centre of the eccentrio; 
BD is the throw ; the positions 6, d, of the rod end cop- 
respond to the positions B, D, of the eccentric; ^ — BD. 
The sheave is shown in four positions, I, II, III, IV, 
whose centres are B, E, D, F, respectively ; the variable 
motion obtained from this arrangement is similar to that 
obtained from the crank as shown in fig. 133, -Plate 
XVIII. 

84. The general puoblem is, given the throw of the 
eccentric and the diameter of the shaft upon which it is 
to be fixed, to make a drawing of the arrangement. In 
Plate XX., figs. 143 to 146, we have worked out the 
example, of which the dimensions are given in Art. 
82, page 94. Fig. 143 is a front-elevation, fig. 144 is a 
plan, and fig. 145 is an end-elevation ; they are drawn to 
a scale of ^. Fig. 146 shows a portion of the sheave and 
the strap with the oil-cup in section ; fig. 147 is a plan of 
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the same; scale for both ^. Figs. 148 to 156, Plate 
XXI., are portions of the figures shown in Plate XX. 
drawn to a scale of J. 

85. The drawing of the figures in Plates XX. and 
XXI. is as follows : — Draw the centre lines ay, dy\ hz^ 
ex ; let C be the centre of the shaft ; from C as a centre 
with a radius CB (one-half the throw), describe a circle 
BDN, which is the path of the centre of the sheave ; 
through B draw the line dAJo, this will be the centre line 
of the sheave and the strap. From C and B as centres 
describe the circles for the shaft, &c. ; and from the di- 
mensions given, and from the construction lines shown, 
proceed to draw the figures. The only special points to 
be noticed are the intersections of the oil-cup with the 
strap, of the feathers XJ with the boss V and with the 
sti-ap, and of the boss with the strap. These points we 
will now refer to. 

The iutersection of the oil-cup with the strap would 
be a case of the intersection of two cylinders whose axes 
are at right angles, but not in the same plane, as shown 
in figs. 143, 146, and 148 ; but the angle formed by the 
two cylindrical surfaces, as seen in those figures, is filled- 
iip with a curved surface, and therefore there is no line 
of intersection to be seen in ^g. 150. If the filling-up 
were omitted, the dotted line 0'r2'3', ^g, 150, would 
represent a portion of the intersection of the two cylin- 
ders. On the right of fig. 150 is shown, by a dotted line 
to 6, one-half of the jimction of the curved surface, at 
the bottom of the oil-cup, with the strap ; but there is 
no line produced, as it is not an intersection, because the 
two surfaces blend into one. However, we require the 
line to find the intersection of the curved surface with 
the face of the strap, as shown at 2A'4, ^g, 148 ; the outer 
circle of the strap does not pass over the surface of the 
cup between 2 and 4, fig. 148, but terminates at these 
points, and then takes the curved form as shown. The 
boss V is joined to the strap by a surface similar to the 
one just described ; the feathers U, U, are also connected 
3e E 
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to the boss and the strap by curved surfaces, and therefoardj^^' 
for the same reason as before, there is no line to be seeii j: ^ 
the dotted line on the boss in %. 148 represents t£^^ 
junction of the two surfiaces. 

86. We have shown in Plate XXII., figs. 167 to Vil^ 
the oil-cup and a portion of the strap drawn full size; tliflt ^ 
curved surface which connects the two is not of unifona'^ 
cross-section between — 6, — 6', figs. 167, 168, bol 
changes &om the form shown at 6' YI' to that at 00'. la 
fig. 168 the boundary lines of the curved connecting 
surface are OGTI'O'O ; the plans of 06', O'VI', are the 
circles 06, OVI, respectively. Fig. 160 is a projectioiii 
of the curved surface O'VI'O', where it meets the cup, and ■ ■ 
of 06'0, where it meets the strap ; the latter is cut by tlu$> \ 
fiEUses of the strap Xm, no, in the points 6', c'; an dev^ \ 
tion of this intersection is shown at h'lic'y fig. 168 ; the \ 
curve is not quite correct, but it is a good approximatioii; , \ 
to draw the curve correctly would require a better know- ■ " 
ledge of curved surfaces than we can assume the student 
at present possesses. If the cross-section of the curved suz^ ; 
face was imiform, h'h'c' would be obtained by a construo* '. 
tion similar to tiiat used to obtain a5, fig. 137, Plate 
XVIII. 

8?. The drawing of the eccentric -rod requires no 
special instructions, the forked end is shown in figs. 153 
to 166. Fig. 163 is a plan, fig. 152 is an elevation, and 
^g. 166 is a cross-section, made by the plane SP, of the;^ 
chamfered portion pq between the fork and the cylindti* 
cal part K. Fig. 166 is a section of the pin X ahowing 
the split-pin Y. 

88. Cams. — ^The motion resulting from the two ar- 
rangements just considered is of a certain fixed kind; 
that is to say, all cranks and ordinary eccentrics produee 
the same kind of irregidar rectilinear motion, whioii 
motion cannot be altered, except in the case of ahiftimf 
eccentrics. By the use of cams we can obtain any kind 
of rectilinear motion we choose, either regular or irregultttT 
They are generally made in the form of discs, or grooves; 
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figs. 161 to 166, Plate XXIII. , represent three common 
forms of cams. Fig. 161 shows one revolution of a spiral, 
which is used as a base for the cams shown in the remain- 
ing figures. Its construction is as follows : — ^Describe 
concentric circles of radii CO, CI 2 (3" and 6", respectively); 
divide the distance — 12 into any convenient number of 
equal parts divisible by 4, say 12; and divide the cir- 
cumference of the outer circle into the same number of 
equal parts ; from these points draw radii ; make one of 
them equal to CI 2, and each of the others in succession 
less than the preceding by ^5- of — 12, the last one, CO, 
being in the same radius as CI 2. 

Through the extremities I, II, III, &c., of these 
radii draw the curve; this is the required spiral. If 
now the spiral is centred upon C and made to rotate, 
having its curved surface in contact with a sliding piece 
at 0, which is free to move in a direction CI 2, then for 
equal arcs described by the spiral, the sliding piece will 
move through equal spaces; for example, if the 
spiral turns through an angle 2C12 (-j^ of a revolu- 
tion) the sliding piece will move from to 2 (^ of 
— 12), and so on for each fraction of a revolution. The 
motion of the sliding piece is therefore imiform. 

89. The form of cam described above can only be 
used for motion in one direction ; but by using the one 
shown in fig. 162 wo can obtain an alternate motion, 
which is also imiform. The cam in this example consists 
of two equal and similar halves^ the distance between the 
two circles being divided into 6 equal parts instead of 12, 
while the circumference is divided into the same number 
as in fig, 161 ; this is usually called the hea/rt-shaped 
cam. Fig. 163 is a cam for producing a regular motion, 
but the time occupied for the forwai'd and backward 
motion is not the same, one being performed in -^ and 
the other in -^^ of a revolution. Figs. 161 to 163 are 
drawn to a sc^o of y^, figs. *164 to 166 to a scale of \. 

90. The cams in figs. 161 to 163 are supposed to act 
upon matlieniatical points, which in practice is impossible^ 
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we have therefore to assign some size to the point acted 
upon by the cam ; to illustrate this we will take a prac- 
tical example and work it out. Let it be required to give 
to a roller A, 2" diameter, attached to a sliding piece, and 
capable of moving in the direction SP, a regular alternate 
rectilinear motion of 6", the distance from the centre of 
the cam to the centre of the roller, when at its greatest 
distance from C, to be 12". Draw the centre lines ay, 
SPj from C as a centre with a radius of 12", describe a 
circle cutting SP in A'; from A' along SP towards C set 
off A' A = 6", the extent of the motion; and from C as a 
centre with a radius CA' describe a circle; divide its 
circumference into 16 pqual parts, and the distance AA' 
into 8 equal parts. Through the points I, II, III, &c., 
draw the cam shown in dotted lines, as for fig. 162; if 
the roller were a point, or the haife edge of a sliding bar, 
this would be the required cam; but the roller has a 
diameter of 2", therefore, from the points A', I, II, 111, 
&c., as centres with a radius of 1", describe arcs of circles 
inside the dotted cam ; a curve touching these arcs will 
be the outer edge of the required cam. 

91. The following are the dimensions of its several 
parts : — Thickness of rim c 1"; width of rim h 3"; diameter 
of shaft a 3"; key g ^ x y, 6" long ; diameter of boss h 
6 J", and 4 J" through; the arms /are f " thick, and 2" wide 
at the narrowest part, increasing to 2 J" for the longest 
arm ; tlie others are in the same proportion ; inside the 
rim and outside the boss is a feather d f " wide and ^'' 
thick ; on each arm there are two feathers e f " thick 
and f " deep, increasing to f " in the longest arm. The 
inside of the rim c and the feather d are curves parallel 
to the outside of the iim. 

Fig. 164 is a front-elevation, ^g. 165 is an end-eleva- 
tion, and fig. 166 is a sectional end-elevation, made by 
the plane^SP, fig. 164. 

9jS. During one half revolution of the cam, as the 
radf i increase from CD to CL, the roller is moved out- 
wards firom A to A'; but in the return half revolution the 
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radii decrease from CL to CD, it is therefore necessary to 
apply some means of keeping the roller in contact with 
the cam, which may be accomplished by means of a spring 
or a weight, or by using another roller B, and connecting 
the two with a link, so that to produce the return of the 
roller A the cam acts upon the roller B, and thus brings 
back A, together with ike slide attached to it. 



CHAPTER XI. 

93. Inking-in a Drawing. — It is usual to put draw- 

ings of machinery in ink, whether working or finished 
drawings, since by constant use the blacklead lines would 
remain only for a very short time. Indian ink is the 
kind of ink used ; it may be obtained either in the solid 
or liquid state : the former will be the best for the general 
student to obtain it in. Sticks of a good quality can bo 
had for one shilling and upwards ; cheaper qualities 
are not to be recommended. Having prepared the ink 
for use by rubbing it in a clean slab^with a little water, 
and having satisfied yourself that it is of the required 
shade, by trying it with your drawing-pen on the margin 
of the drawing, commence to ink-in. But, before doing 
so, the following general hints will be of service to the 
student : — Clean ojff with india-rabber all surplus black- 
lead, leaving the lines just visible, as the lead is liable 
to get between the nibs of the pen, and so cause the 
lines to be irregular. When you have supplied the pen 
with ink, before using it try it on the margin of your 
drawing, so as to get the line of the required thickness, 
Never put away your pens with ink in, but clean them 
with a piece of wash-leather or linen rag ; it will also be 
necessary to clean between the nibs occasionally while 
using the pens. 

94. The following order should be observed in inking-in : 
-First ink-in aU circles, portions of circles, aad curved 
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lines, to wMcli straiglit lines are to be joined, keeping 
both the nibs and the needle point of the bow-pen as ■; 
nearly perpendicular to the drawing board as possible; 
if the nibs are inclined too much to the surface of the 
paper the circular lines will be irregular in thickness, and 
if the needle point is inclined too much the hole will be^ 
enlarged, which is objectionable. The pen for drawing 
straight lines, or curved lines by means of moulds oar 
curves, should be held nearly perpendicular, being inclined I 
a little towards the right and outwards, so that the point 
of the pen may be seen. The lines are to be drawn from ^ 
left to right, as in penciling. Particular care should be • v 
taken in joining a curve and a straight line ; the best way 
is to commence the straight line from the curved one, and J 
not try to join the former to the latter. K the Knes of ; 
the drawing, both full and dotted, are correctly shown in ' 
pencil, it is immaterial whether the full lines are put in ; 
first and then the dotted ones, or otherwise ; but if this 'j 
is not the case, then begin by inking-in the lines whick ^ 
are furthest from, the plane wpon which the view of the -^ 
object is projected, as such lines will be in full ; the out- 
line* of the object will also be in full, the remaining lines 
must be determined by the ordinary principles of pro- . 
jection. 

95. The beginner should be extremely careful in ink- 
ing-in his drawings, so as to avoid having to use the - i 
knife, or any other means, for scraping out or erasing a,\i 
wrong line; it will therefore be advisable for him to ' 
pencil-in all lines as they are to be inked-in. • " 

After considerable practice he may deviate a little i 
from this order; but, as a rule, the less it is deviated from 
the better, as the dotted lines should bo distinguished 
from full lines ; not necessarily by dots of equal length, ^ 
but just sufficient to show the difierence. 

96. Shade or Dark Lines. — In the examples given up " 
to Plate XXIII., except in Plate II., we have considered 

* By the term otUline we mean the boundary lines of the object, - 
outside of which there are no lines. 
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SHADE OB DABK tilNEd. 113 

the drawings to be plain outline drawings, having all the 
lines, which form the boundaries of the surfaces repre- 
sented in each figure, of the same thickness; we will now 
explain the use of shade or dark lines. 

The figures in Plates XII. to XXIII. may be taken 
as types of those termed working drawingSy that is, draw- 
ings from which the object is to be constructed; in such 
drawings all the lines are to be of the same thickness. 
^OT finished drawings, which are usually made to a small 
scale (^ and under) and used for the purpose of reference, 
&c., shade lines are often employed, whose chief use is 
to convey to the mind a better idea of the form of the 
several parts of the object, and to give what is considered 
by many to be, a better finish to the drawing ; however, 
thoir use is a matter of taste: In Plate II. shade lines 
are employed. Figs. 190 to 192, Plate XXVL, repre- 
sent, as a finished shade-lined drawing, the pedestal shown 
in Plate XXIV. 

97. For the purpose of shade-lining drawings, the 
light is assimied as coming from the left-hand and from 
behind the observer towards the object, and at such an 
angle that the projections of each ray* are inclined to 
fche horizontal and vertical planes at an angle of 45^ 

Figs. 167, 168, are the plan and elevation of an object 
made up of plane surfaces, having a square hole through 
it. The lines ah represent the direction of the rays of 
light ; those lines upon which the light falls directly are 
fine lines, the remainder are made thicker, and are termed 
shade or dark lines. We may say generally, for eleva- 
tions, the shade lines are put on the right-hamd and 
bottom edges of projecting surfaces ; where two surfaces 
are in contact, if the upper one does not project beyond 
the lower one the shade line is not used, as shown in the 
bottom line of fig. 168 ; the object is supposed to be 
resting on a horizontal plane. In the case of sections 
and hollows, the shade lines are on the left, as shown in 
* The rays are considered to be parallel. 
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SHADE OR DARK LINES. 117 

^g, 170. Figs. 167 and 169 show how shade lines are 
employed for plans, ^g, 169 is a sectional plan. 

98. For cylindrical objects there is a Httle difference 
in the use of shade lines. Figs. 171, 172, represent in 
front and end-elevation a portion of a shaft; fig. 171 is 
shaded; along the line ab the light is most intense, 
gradually decreasing towards gh and cdy along cd the 
shade is greatest, and gradually decreases towards ah, ef\ 
if now we put a shade line for ef the effect which tiie 
shading produces is destroyed; for this rea«)n shade 
lines are not employed for cylindrical objects,* except for 
the ends and projecting parts, as /A, fig. 171, and a6, cd, 
^g, 176. 

The circular ends are represented as shown in figs. 
172, 173, and 175, the circular line increasing in thick- 
ness from the points a, k, to c, fig. 172, where it is thick- 
est. In hollow cylindrical objects the inside and outside 
are shade-lined, as shown in fig. 173, and sections of the 
same have shade lines, as shown in fig. 174. 

Figs. 175, 176, represent in jfront and end-elevation a 
shaft having a neck and collars, upon which are shown 
the usual shade lines. 

99. By a proper use of shade lines one view of the 
drawing of an object will convey a much better idea of 
the form of the object represented, than if they were not 
used ; cylindrical forms can be distinguished from other 
forms by the omission of the shade line in the former ; 
and projecting surfaces can be distinguished from other 
surfaces and also from recesses by the position of the 
shade line. Where dotted lines are used in shade-lined 
drawings they should be all of the same thickness. 

* However, if we consider the use of shade lines to be a 
matter of taste, and therefore liable to difference of opinion, we 
may state that in many cases they are used for cylindrical 
objects. 
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CHAPTER XII. 

100. Working and Finished Drawings."— We will 
now give examples of the two cHef kinds of drawing* 
used, taking a Pedestal or Fl/wrwmer-Block as the objeot 
for representation. In Plate XXIV. is shown an ordir 
nary working drawing of the whole pedestal (figs. 180 ta • 
183 are added for another purpose, as will be explained 1 
shortly) ; the dimensions are not given, as the parts ar« \ 
shown in detail in Plate XXV. The cast-iron and bnuM ij 
portions are shown in Plate XXV. in detail with all the. - 
dimensions added and also the radii of the arcs of circles: ; 
this may be taken as a type of drawings such as should 
be supplied to the Pattern or Model Maker, along with 
Plate XXIV., which shows the arrangement of the whole \ 
as put together. The wrought-iron work is also drawn ; 
in detail for the Smith. In Plate XXVI. is shown the \ 
pedestal as 2^ finished shade-lined drawing. j 

101. Pedestal or Plummer-Block.— In Plates XXIV. ] 
to XXVI. are shown in elevations and plans, a pedestal I 
as defined in Art. 29, page 37. Fig. 177, Plate XXIV^ J 
is a front-elevation, the right-hand half being in sectioni ; 
as made by a vertical plane SjPi, ^g. 178. Fig. 178 
is a plan, a portion of which is in section, as made by a I 
horizontal plane S^iPii, fig. 177 ; and fig. 179 is an end- 
elevation. 

A is the hody of the pedestal which supports the stepi 
B; attached to A is the sole-plate or ba^e-plate C, by which . 
the pedestal is connected by bolts E to the frame of the ! 
machine, either directly, or by tneans of an intermediate . 
bracket ; D is the cover or cap connected to the body by 
the bolts F, the object of which is to keep the top step in ; 
contact with the shaft; on the top of the cap is an oifcup 
G; the oU passes down the hole M through the step on to 
the shaft; to distribute the oil over the neck of the shaffc, 
oil-ways N (see also figs. 188, 189, Plato XXV.) are cut 
in the steps. For millwright purposes there is generally 
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PEDESTAL OR PLUHHEB-BLOCK. 121 

a packing of wood inserted between the base-plate and 
the frame, to wHcIl it is connected, as shown in Plate 
XXVI. ; but for many purposes this lining of wood is 
not employed, as the object is to get a rigid connection 
between the pedestal and the fi^me, corresponding as 
nearly as possible to the case where the pedestal and 
frame are cast together. Where the wood packing is 
not used, the whole of the bottom surface is planed, or 
more commonly chipping-piecea H are cast to the base- 
plate, so as to reduce the amount of surface to be planed 
or chipped; the chipping-pieces are shown in dotted lines, 
their width and depth vary according to circumstances, 
from J" to 1" wide and J" to i" tHck. 

To allow of a slight change of position of the pedestal, 
and for convenience in fixing, the holes K through which 
the bolts E pass are elongated, as shown in fig. 178; after 
the exact position has been determined, pieces of hard 
wood or metal are inserted at the ends, between the base- 
plate and the lugs on the frame, to prevent the possibility 
of the pedestal moving lengthwise. The body and base- 
plate are made of cast-iron and are cast together, the cap 
is also cast-iron; the steps are usually made of brass, but 
the top step is often made of cast-iron; the bolts are made 
of wrought-iron, those for the cap are ^" diameter, and 
those marked E are f " diameter. The dimensions for 
the body, cap, and steps, are marked on the figures in 
Plate XXV. ; the radii of the circular arcs are also 
shown, which should be the case in all working drawings. 
On each side of the cap and body of the pedestal are 
facings O, whose surfaces are in contact with the Jlcmges 
P of the steps. The body of the steps is cylindrical, but 
thicker at the bottom and the top than at the sides, as 
shown in figs. 187 to 189; chipping-pieces Q are cast at 
each end next to the flanges. The space between the steps 
is to allow of their being brought together as their inner 
surfaces wear; the space between the cap and the body of 
the pedestal is for the purpose of regulating the position 
of the top step. 
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102. The figures on Plates XXIV. and XXV. 
student will be able to draw without any 
instructions, excepting perhaps the curve ah'a'y fig. 1' 
which is the intersection of the cylindrical part aha, 
178, of the body of the pedestal with the interior of 
cylindrical surface cd, cd'. Figs. 180 to 183 show 
the curve drawn full size; the method employed is su 
to that used in former figures, and the construction lin< 
show clearly how the curve is determined. If the angl« 
at a, fig. 178, are filled-up, as is shown in dotted lines 
the left-hand half of the figure and in fig. 191, thei 
would be no line of intersection, and we should have tW 
end-elevation as represented in fig. 192. 

103. In Plate XXV., fig. 184 is a front-elevation of 
the pedestal with the steps and bolts removed; fig. 185 isl 
a plan of the same with the cap removed; and fig. 186 is 
a plan of the cap. In figs. 184, 185, we have shown the 
clupping-pieces H on the base-plate. The steps are shown 
in figs. 187 to 189; the left-hand half of fig. 187 is in 
section; ^g, 188 is a plan of the top step, showing the 
oU-hole, the oil-ways K, and the chipping-pieces Q; fig. 
189 is a plan of the bottom step, showing the inside in 
full lines. The cylindrical surfaces of the steps are not con- 
centric, on account of thedifierence in the thickness of metal 
at the bottom and at the sides; for small steps this difier- 
ence is not always taken into account, the thickness at 
the sides being made the same as at the bottom. Figs. 
177 to 179, and 184 to 189, are drawn to a scale of ^; 
figs. 180 to 183 are drawn full size. 

104. The usual proportions for the several parts are 
as follow* : — 

The diameter of the neck = D 

Thickness of base-plate = Dx '3. 

Thickness of cap.. =Dx '4. 

Diameter of bolts (if 2 used) = Dx '26. 

Ditto (if 4 used) =Dx-18. 

* Taken from Molesworth. 
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Steps. 

Thickness of metal at bottom = 015" + from 09 to 0*12 x D. 
Thickness of metal at sides = *75 of thickness at bottom. 

105. In Art. 96 we stated the purpose for which 
finished dravnnga are usually made; there are several 
kinds of such drawings, but we shall confine ourselves to 
simple line drawings. The object for which the drawings 
are required must decide what kind of drawing is to be 
made; if there is a good scale working drawing of the 
whole machine, then the finished drawing may be simply 
an outline drawing without dotted lines, the lines may be 
all of the same thickness, or shade lines may be added 
according to taste. If however the drawing is required 
for general reference, then the dotted liues shoidd be 
shown ; the teeth of wheels should also be shown, and the 
centre lines omitted in all such drawings. 

As an example of the former kind of finished draw- 
ings we have shown the pedestal, figs. 190 to 192, Plate 
XXVI. In this example shade lines are used as explained 
in Arts. 96 to 99. As there are no lines introduced but 
what have been explained, the student should have no 
difficulty in drawing the figures. 



APPENDIX: 



Although the student is expected to possess an element- 
ary knowledge of Practical Geometry, wo have considered 
it advisable to give a few examples of constructions for 
connecting circles and arcs of circles with straight lines, 
several of which are required in this book. 



PROBLEM L 



To connect two given straight lines containing a right 
angle hy means of an arc of a circle of a given radius. 

Fig. 193.— Let AB, BC be the 
two given straight lines, and let 
jj D represent the given radius. 
From B as a centre, with a 
radius D, cut AB, BO in E and 
F; through these points draw 
lines parallel to BO and AB re- 
spectively, intersecting in O. 
Fig. 193. Then O is the centre of the re- 

quired arc of circle (as the angle ABO is a right angle^ 
the arc EF is a quadrant of a cii-cle). 
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PROBLEM IT. 

To connect two given straight lines v)hich meet, hut do 
not contain a right a/ngle, by means 0/ an a/rc of a circle of 
a given radius. 

Fig. 194.— Let AB, BC be 
the two given straight lines, 
and let D represent the given 
radius. 

Li AB, BC, take any con 
venient points H and K, and 
erect perpendiculars HL and 
KM, equal in length to D. 
Through L and M draw lines 
parallel to AB, BC respec- 
tively, intersecting in O. Then is the centre of the 
required arc of circle. From O draw OE, OF perpen- 
dicular to AB, BC respectively, then EF is the length of 
the arc to be drawn. 



TTK 




Fig. 194 



PROBLEM in. 

To drcm a circle to touch three given straight lines. 

Fig. 195.— Let AB, 
BO, and CD be the 
given straight lines. 
Bisect the angle 
ABO by the line 
BH, the centre of 
the required circle 
will be in this line. 
Now bisect the angle 
BCD by the line CK, ^^S- 195. 

the centre of the required circle will be in this line also. 
Let BH and CK intersect in O. Then O is the centre of 
the required circle. From O draw perpendiculars meeting 




*, 
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AB, BC, and CD in E, F, and G respectively, wHcli are 
the points of contoct between the given lines and the 
circle. 



PKOELEM lY. 

To connect a given, circle and a given ^raight lina by 
means o/an arc of a circle of a given, radius. 

a. When, the given atratgkt line passes through the centra 
of the given circle. 

1. To touch the given circle i/ntertutUy. 
Fig. 196. — Let AJB be an arc of the given drde vhoee 
centre is O, CD the 
givenatraight line, and 
R the given radius. 
Draw any radius OP 
cutting the arc AB in 
E, and from E set off, 
inside the circle, EF 
** equal to the radius of 
the connecting arc B. 
From O aa a centre, 
with a radius OF, de- 
scribe the arc HFK 
cutting the line CD, 
From any point L in 
CD draw LM perpen- 
dicular to CD, and 
equal in length to R. 
Through M draw MK 
parallel to CD, cut- 
ting the arc HFK in 
E. Then K is the 
Draw the radius KN per- 
pendicular to CD, and from draw the line OK, and 
produce it to meet AB in Q. Then NQ is the length of 
the connecting arc 




Pig. 196. 
centre of the connecting e 
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2. To totich the given circle extefnwUy, 

The construction is shown on the left of the line CD, 
fig 196, and is similar to the former case; the only 
difference is, that the centre of the connecting arc XT is 
outside the given circle. ST is the length of the required 
arc. 

h. When the given straight line does not pass through 
the ccTUre of the gvoen circle, 

1. To Uyuch the given circle externally. 

Fig. 197. — Let AB be an arc of the given circle whose 
centre is O, CD the given straight line, and R the given 
radius. Draw any " » 

i*adius OE and pro- B ■« v-,- I 

duce it, making EP 
equal to the given 
radius R. From O » 
as a centre, with a 
radius OP, describe 
the arc PFH cut- 
ting the line CD. - 
From any point K, 
in CD, draw KL 
perpendicular to CD, 
and equal in length 
to R Through L 
draw LF parallel to 
CD cutting the arc 
PFH in F. Then F 
is the centre of the 
connecting arc. Join 
FO cutting AB in 
N, and from F draw 
the radius FM per- 
pendicular to CD. Then MN is the length of the required 
connecting arc. 

2. To touch the given circle internally. 

The construction is shown on the left of the lino CD^ 

fe. 197. 

gj, F 




Fig. 197. 
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PROBLEM V. 

To desenbe a circle to pass through three given poiriis. 

'Fig, 198. — ^Let A, B, and C be the three given point 
Join AB and BC; bisect AB and BO by the perpendiculs 

5 




Fig. 198. 
lines BE and JfJl, which intersect in 0. Then is th 
centre of the reouired circle, and OA its radius. 



'PROBLEM VI. 
To draw a tangent to a given circle/rom a given poin 




Fig. 199. 

a. When the given point ia onthe given circle. 
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!Fig. 199. — ^Let ABC be the given circle whose centre 
is O, and Q the given point. Join OQ, and draw DE 
perpendicular to OQ. Then DE is the required 
tangent. 
^ b. When the given point is outside the given circle. 

Fig. 199. — Let ABC be the given circle whose centre 
is 0, and P the given point. Join PO, and upon it 
describe a semicircle PFO, cutting the given circle in F. 
Draw PT, touching the given circle in F, and it is the 
required tangent. 

If FO is joined, PT is perpendicular to FO (the angle 
in a semicirde is a right angle). 

PROBLEM Vn. 

To drmf) a common tcmgent to two given evrcles whose 
radii are unequdl. 

1. To Umch the given circles on the same side of the Une 
which joins their centres. 

Fig. 200. — Let O and P be the centres of the given 




Fig. 200. 

circles ABC and MNQ. Join OP, and let the line OP 
cut the given circle ABC in 0. From C set off, inside 
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the circle, CE equal to tlie radius of the smaller circle 
MNQ. From O as a centre with a radius OE, describe 
the circle DEE, and from P draw a tangent PF to 
this circle by the construction given in the previous 
figure. Join OF and produce it to meet the cir- 
cumference of the circle ABC in R. From P draw 
PQ parallel to OK, meeting the circumference of the 
circle MNQ in Q. Join QH, which is the required 
tangent. 

2. To touch the given circles on opposite sides of the line 
which joins their centres. 

Fig. 201. — ^The construction is similar to the pre- 
ceding case, CE is set off outside the circle AJBO 
instead of inside it, as in fig. 200. 




^•--t-'^^^-^ ^.^^ 

Fig. 201. 

iTofe.— The radius of the circle DEF in fig. 200 is 
equal to the difference, and in fig. 201 it is equal to the 
sum, of the radii of the two given cii*cles. 

PROBLEM Vni. 

To describe a circle which shall totush a given straight 
line, and also touch a given circle at a given poin^. 
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1. To touch the given 
circle externally. 

Fig. 202.— Let AB be the 
given straight line, CDE 
the given circle whose centre 
is O, and C the given point. 
Join 00 and produce it, 
from draw *CF perpendi- 
cular to 00, meeting AB in 
F. From F as a centre with 
a radius FO, describe an arc 
of a circle cutting AB in H. 
Draw HP perpendicular to 
AB, meeting 00 produced 
in P. Then P is the centre 
of the required circle, and 
PH its radius. 

2. To contain the given 
circle. 





Fig. 203. 
£ig. 203. — ^Tho construction is similar to the preceding 
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case, and, as the same letters of reference are used, the 
student can refer to it. 



PROBLEM IX. 

To describe a circle which shall touch a given, circk, <md 
Uyuch a given straight line in a given point. 

a. When the given straight Une does not cut the given 
circle. 

1. The required circle is to touch the given one eaa- 
temaUy, 

Fig. 204. — Let ODE be the given circle whose centre 
is O, and F the given point in the given straight line 
AB. Through O draw OH perpendicular to AB, meeting 

K 




Kg. 204. 
the circumference of the circle ODE in H; and from F 
draw FQ perpendicular to AB. Join FH, cutting the 
circumference of the circle ODE in E. Through E draw 
OE, and produce it to meet the perpendicular FQ in P. 
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Then P is tlie centre of the required circle, and PE its 
radius. 

2. The required circle is to contain the given one. 

Fig. 204. — ^Let ODE be the given circle whose centre is 
O, and F the given point in the given straight line AB. 
Through O draw OK perpendicular to AB, cutting the 
given circle ODE in K ; and from F draw FQ perpendi- 
cular to AB. Join FK, and produce it to meet the circle 
CBE in L. From L draw LO, and produce it to meet 
the perpendicular from F in Q. Then Q is the centre of 
the required circle, and QL its radius. 

h. When the given straight line cute the given circle. 

Fig. 205. — ^The same construction is employed as in 
fig. 204, case 1. 




Fig. 205. 

The following construction may be employed with ad- 
vantage, and in many cases for drawing purposes it is 
more accurate. 

Fig. 206. — ^Let CED be an arc of the given circle 
whose centre is O, and F the given point in the given 
straight line AB. Through F draw PFH perpendicular 
to AB, and from F set off FH, equal to the radius of the 
given circle CED. Join HO^ and bisect it by the per- 
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pendicular PQ, cutting HP in P, and from P draw PO, 




Fig. 206. 

cutting tlie given circle in E. Then P is tlie centre of 
the required circle, and PE its radius. 
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Angle in a Semidrole, 131. 
Angles, Filling-npof, toStrengthen,90. 
Angles AToided, 90. 
Addendam, 76. 
Apparatus, Drawing, 10. 
ApproximationB lued in Drawing, 9, 
51. 

BAin> (Belt or Strap), 64. 
„ Material used for, 64 
„ Form of, 64. 
Bearings, Definition of, 87. 

Form of, for Rotating Pieces, 

87. 
Form of, for Screws, 87. 
Form of, for Sliding Pieces, 
Belt (see Band). [37. 

„ Open, 65. 
„ Crossed, 65. 
„ Surface, Amonnt of, in C!ontact 

with Pulley, 65. 
„ Tendency of, to Rise to Highest 
Part of Pulley, 66. 
Belts, Keyersing Motion by means of, 

66. 
Bevel Wheels, 59. 

with Axes at Right 
Angles, to Draw, 60. 
with Axes not at Right 
Angles, 60, 
„ „ To Draw. 60. 

Bolts, 30. 
„ Size of Head of, 30. 
„ Examples of Use of, 80. 
Boss of a Wheel, 84. 
Bushes, 87. 

„ Form of, 87. 

,„ Material used for, 38. 

Cams, 86, 102. 

„ Spiral, 106. 

„ Heart-Shaped, 105. 

„ „ not Symmetrical, 105. 

Gam, Drawing and Dimensions of a, 

106. 
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Chipping-Pieces, 121. 
Circle to be Drawn to Connect 
Two lines Containing an Angle, 
126. 
Circle to be Drawn to Touch Three 

Straight Lines, 127. 
Cii-cle to be Drawn Through Three 

Oiren Points, 130 
Circle, to Draw a Tangent to a, 130. 
Ratio of Diameter to Circumfer- 
ence of a, 56. 
„ Quadrant of a, 126. 
Collars on Shafts, 34, 37. 

„ Loose, 37. 
Cone or Speed Pulley, 69. 

„ Fall or Step of, 70. 

Drawing and Di- 
mensions of a, 70. 
Connecting- Rod, 86. 
Cotter, 94. 
Couplings, 39. 

Butt Box, 41. 
Half-Lap Box, 41. 
Proportions of Half-Lap 
Box, 41. 
C!rank, The, 86. 

„ Drawing of a Cast-Iron. 93. 
and Crank-Shaft, Drawing (^ 

a, 89. 
Boss of, 93. 
Feather of, 93. 
Web of, 93. 
Motion of, 86, 89. 
„ Stroke of, 89. 
Crank-Arm, 86, 90. 
Crank-Shaft, 89. 
Cross-Section, 31. 

Decimal Rule, 10, ' 

Derelopment of Helical Cnrre, 45. 

Diagonal, 60. 

Dovetailed Key, 34. 

Drawing, Definition of a, 9, 20. 

„ Apparatus, Hints on the 
Use of, 10, 109. 
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Di-awing, ApprozimationB Hade Use of 
in, 9. 
Boards, Sizes of, 11. 
First Lines of a, 18. 
Paper, Sizes of, 11. 
PenoiU, and Gutting of do., 

11. 
Pins, 11. 

of Pencil Lines, 11. 
of Ink Lines, 109. 
of Parallel Lines, 12. 
„ to Scale, 9, 13. 
Drawings, Detail, 118. 

„ Finished, 113, 118, 125. 
„ Working, 113, 118. 
Driver, Definition of, 55. 
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EOOBNTBIC, 94. 

Drawing of, 101. 
Eccentricity of, 94. 
Motion of, 94, 98. 
Sheave of, 94. 
Strap of, 94, 97. 
„ Throw of, 94, 97. 
Eccentric-Rod, 94, 102. 
Elevation, Definition of, 20, 28, 29. 
„ End or Side, 27. 
„ Front, 27. 
Elevations, Position o^ 24, 29. 
Ellipse, 29. 
Epicycloids, 75. 

Equations connecting the Pitdi and 
the Diameter of Wheels, 59. 

Face of Teeth of Wheels, 76. 
Flank „ „ 76. 

Facings, 56. 
Feather of Crank, 93. 

„ Wheel, 85. 

„ Eccentric Strap, 97. 
First lines of a Drawing, 18. 
Follower, Definition of, 55. 
Formula for the Pitch Cirdles of 

Wheels, 59. 
Flanges, 121. 

Geometry (see Practical Geometry). 
Ground Line, 20, 23. 

„ Definition of, 20. 

Helical or Screw Curve, Definition 
of, 41. 
Drawing of, 45. 
Development of, 45. 
Left-handed, 42. 
Length of, 42. 
Pitch of, 41. 
„ Right-handed, 42. 

Helical or Screw Motion, Definition 
of, 37. 
„ Bearings for, 37, 39. 






Hints on the Use of Drawing Instru- 
ments, 10, 109. 
Hexagonal Nuts, Drawing of, 27. 

„ Table of Sizes of , 28. 

Hypocycloid, 75. 

Indian Ink, 109. 
India-mbber. 11, 12, 109. 
luking-in a Drawing, 109. 

„ „ Order of, 100. 

„ „ Hints on, 109. 

Instruments used in Drawing, Hints 

on, 10, 109. 
Intersections of Cylinders, 101. 

of a Cylinder and a 

Plane, 90. 
of Curved SnifEwes, 99L 
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Joint, Riveted Lap, 31. 

„ Bolted, 30. 
Journals, 37. 

„ Material used for, 88. 

Keys, 34. 

„ Form of, 84. 

„ Material used for, 84. 
Key, Dovetailed, 84. 

„ Sliding, 84. 
Key-bed or Key-waj^ M. 

Line of Contact, 60. ■ 
Lines, Centre, 12^ 19. 

„ Construction, 12. 

„ Dotted, 12. 

„ Dimension, 12. 

„ Drawing of Pencil, IIL 
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Ink, 109. 

Parallel, by Set- 
square, 12. 
„ Parallel, by T- 

square, 12. 
„ First, of a Drawing, 18. 
„ Joining Straight with Curved, 

110. 
„ Radius, 12. 

Shade or Dark, 110. 

Examples <^ 114. 
Rules for Draw- 
ing, 113. 
„ Unbroken or Full, 12. 

Measxtrement, Standard of, 9. 
Mitre Wheels, 63. 

„ Drawing in Outline of 

a Pair of, 63. 

Nuts, 37. 

„ for Square-threaded Screws, 89, 
48. 

, , Hexagonal, Approximate Draw- 
ing of, 27. 
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Nuts, Heongonal, Appmimate Sixes 

of, 27. 
„ „ Drawing of, 27. 

„ ,t Chamfering of, 27. 

,, ,t Table of Standard, 

28. 
Nut; Hexagonal, Ciroamscribed by a 

Hemisphere, 29. 
Notation for Dimensions, 12. 

Object, Position of, 24. 
Odout<^praph, 76. 

Construction of, 79. 

To Draw Teeth of Wheels 
hy Means o^ 76. 

To DrawTeeth of Backs 
by Means of, 82. 
Oil<cap, 97, 118. 
Oil-hole, 102, 118. 
Oil-ways, 118. 

Paper, Drawing, Fixing of, 11. 

„ Sizes of, 11. 

Parallel Lines, To Draw, 12. 
Path of Crank-pin, 89. 
Parallelogram, 60. 
Pedestal or Plommer-Blook, 88, 118. 
„ Proportions of, 122. 

„ Steps of, 118, 125. 

„ Detail Dramng of, 

122. 
Finished Drawing 
of, 126. 
,, Working Drawing 

of, 118. 
Pin for Bolt, 81. 

Pitch of Helical Carre, Definition of« 
4L 
„ of a Screw, Definition of, 45, 51. 
of Rivets, 82. 
of Wheels, 56. 

„ ProportionB of Teeth 
in Terms of, 72. 
Pitch Circle, 56, 72. 

„ of a Wheel, 56. 

Pitch Line, 72, 81. 

„ of a Rack, 81. 
PivotJC37. 

Plan, Definition of, 20, 28, 29. 
Plane, Horizontal, 20. 
• „ Vertical, 20. 
Plate Wheel, 56. 
Projection, Definition of, 20L 
„ Examples of, 28. 

Practical Geometry — 

Constmotions for Connecting 
Circles and Arcs of Circles with 
Straight Lines, 126. 
To Connect Two Lines containing 
a Right Angio by an Arc of a 
Circle, 126. 






FMctioal Ctoomet^— 

To Connect Two Lines which do 

not contain a Right Angle by 

an Arc of a Circle, 127. 
To Draw a Circle to touch Three 

given Straight Lines, 127. 
To Connect a Circle and a Straight 

Line bv an Arc of a Circle : — 
a. When tne Straight Line passes 

through tiie Centre or the 

Circle:— 

1. To Touch the given Circle In- 
ternally, 128. 

2. To Touch the given Circle Ex- 
temally, 129. 

5. When the Straight Llntf does not 
pass through the Centre of the 
Circle:— 

1. To Touch the given Circle Ex- 
ternally, 129. 

2. To Touch the given Circle In- 
ternally, 129. 

To Describe a Circle to pass 

through Three given Points, 130. 

To Draw a Tangent to a Circle 

from a given Point : — 

a. When the given Point is On the 

Circle, ISO. 
5. When the given Point is Outside 
the Circle, 181. 
To Draw a Common Tangent to 
Two Circles whose Radii are 
Unequal :— 

1. To Touch the Circles on the 
same side of the Line which 
joins their Centres, 181. 

2. To Touch the Circles on appo' 
site sides of the Line which 
joins their Centres, 182. 

To Describe a Circle which shall 
Touch a given Straight Line 
and a given Cirde at a given 
Point :— 

1. To Touch the given Circle Ex- 
ternally, 188. 

2. To Contain the given Circle, 
183 

To Describe a Circle which shall 
Touch a given Circle and a 
given Straight Line in a given 
Point:— 
a. When the given Straight Line 
does not Cat the given Circle. 

1. The Required Circle is to Touch 
the given one Externally, 184. 

2. The Required Circle is to con- 
tain the given one, 135. 

h. When the given Straight Line 
cuts the given Circle, 135, 136. 
Proportions of Half-lap Couplings, 41. 
M Necks of Shafts, 87. 
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Pnyportioiifl of Pedestals, 122. 

Steps for Pedestals, 125. 
Teeth of Wheels, 72, 86. 
Wheels, 86. 
Hexagonal Nuts, 27. 
V-thxeaded Screws, 48. 
Square-threaded 
Screws, 51. 
Pulley, Fast and Loose, 69. 
FolleTS, 66. 

„ Amount of Conrexity of, ^. 
,, Cone or Speed, 69. 
Pulleys and Bands, 63. 

Advantages of, 64. 
Beversing Motion 
by, 66. 






Quadraut of a Circle, 126. 



Back and Pinion, 81. 

„ To Draw Teeth of, by 

Odontograph, 82. 
Batio of Diameter to Circumference of 

a Circle, 56. 
Beduction in Size of Plane Objects 

when Drawn to Scale, IS. 
Beduction in Size of Solid Objects 

when Drawn to Scale, 14. 
Beversing Motion by Belts, 66. 
Bight AngleSj To Draw Lines at, 12. 
Biveted I^p-joint, 81. 
Bivets, 31. 

„ Pitch of, 32. 
Botation, Definition of, 87. 
Botary Motion, Change of, 86. 
Botating Pieces, Bearings for, 87. 
Bnle, Decimal, 10. 

„ Two-foot, 10. 
Bectangle, 60. 

Scales, 13. * 
Scale, Drawing to, 9. 
„ Diagonal, 17. 
„ „ Construction of, 17. 

„ ,, Use of, 18. 

„ Plain, 17. 
Screws, 45. 

Approximate Methods of 

Drawing Threads of, 51. 
Double Square-threaded, 51. 
„ Square-threaded, 48. 
„ Square-threaded, Drawing of, 
48. 
Square-threaded, Drawing of 
Bight-handed, 48. 
„ Square-threaded, Drawing of 

Left-handed, 52. 
„ Square-threaded, Bearings 

for, 48. 
f, Square-threaded, Table of, 52. 
,, Bight and Left-handed, 52. 
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Screws, Pitch of. Defined, 51. 
Spaoe of, 46. 
Templates for Drawing 

Threads of, 47. 
Thread of, 45. 

V or Triangular-threaded, 46. 
/ V or Triangular-threaded, 

Angle of, 46. 

V or Triangfular-threaded, 
Drawing of, 46. 

V or Triangular-threaded, 
Table of, 48. 

V or Triangular-threaded, 
Whitworth Standard, 47. 

Section, Cross, 81. 

„ Longitudinal, 81. 
Sectional Elevation, 81, 84. 

„ PLm, 117. 
Sections, Distinguished by Diagonal 

Lines, 29. 
Semicircle, The Angle in a, 181. 
Set-squares, 11. 

„ To Draw Parallel Lines 
with, 12. 
Set-screws, 70. * 

Shade or Dark Lines, 110. 
Shade-Lining, Bules for, 113. 

„ Examples of, 114. 

Shaft with Collars, 34. 37. 
Shafting, 82. 

Form of, 32. 
Loose Collars for, 37. 
Material used for, 32. 
Bushes for, 38. 
Pedestals for, 38. 
Keys for, 34. 
Motion of, 37. 
Belative Strength of, 34. 
Proportions of Necks of, 87. 
Sheave of Eccentric, 94. 
Slides, 37, 38. 

„ Strips fpr, 38. 
Spiral, 105. 

„ To Draw, 106. 
Split-pin, 98. 

Spur Wheels, Use and Motion of, 55. 
Drawing of Toothless, 55. 
Drawing in Outline of, 56. 
Am>roximate Drawing of 

Teeth of, 75. 
-Proportions of, 86. 
Spur Wheel and Tinion in Gear, 85. 
Spitr Wheel and Pinion in Qear, To 

Draw, 85. 
Spur Wheel and Pinion in Gear, To 

Draw Teeth of, 85. 
Steps of Pedestals, 118, 125. 

,, Flanges of, 121. 

Standard of Measurement, 9. 
Strap (see Band and Belt), 
Stroke of Crank, 89. 
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Table of Hexagonal Nats, 28. 
„ Scales, 17. 

„ Square-threaded Screws, 62. 
„ V-threaded Screws, 48. 
Tangent to a Circle, To Draw a, 130. 
Tangent to Two Circles, To Draw a 

Common, 131. 
Teeth of Wheels, 71. 

Addendum of, 76. 
Face of, 76. 
Plank of, 76. 
Parts of, defined, 72. 
Pitch of, 56, 72. 
Propoi-tions of, 72, 86. 
To Draw, Approximately, 75. 
To Draw by CMontograph, 76. 
Templates for Drawing Curves, 47. 
Trace of a Line, 20. 
T-square, 11. 

„ Lines to be Drawn with, 12. 
Two-foot Bule, la 



View of an Object, 27. 

Washer, 81. 

Web of Crank, 93. 

Wheels, Spur (see also Spur Wheels), 

55. 
Wheels, Spur, Drawing in Outline 

of, 56. 
Wheels, Spur, Proportions of, 86. 
Wheels, Bevel (see also Bevel Wheels), 

59. 
Wheels, Bevel, with Axes at Bight 

Angles, 60. 
Wheels, Bevel, with Axes not at Bight 

Angles, 60. 
Wheels, Mitre Bevel, 63. 
Whitworth Screw Thread, 47. 
Whitworth Screw Thread, Table ol 

Standard, 48. 
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